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CLAIMS 



[Claim(s)] 

[Claim 1] In the thin film magnetic head which has the lower core layer and up core layer which 
meet through other magnetic pole layers which met through the gap layer or were joined to a gap 
layer and this gap layer, and the coil layer which gives a record field to said both core layers Said 
one [ at least ] core layer is formed by two-layer at least as the soft magnetism layer and the 
high specific resistance layer by which the laminating was carried out to said soft magnetism 
layer by the inferior-surface-of-tongue [ of said core layer ], and/or top-face side. Said high 
specific resistance layer is the thin film magnetic head characterized by being formed with the 
magnetic material of high specific resistance rather than said soft magnetism layer. 
[Claim 2] Said high specific resistance layer is the thin film magnetic head according to claim 1 
with which it is prepared in the top-face side of an up core layer, and said high specific 
resistance layer top is covered by the protective coat. 

[Claim 3] Said protective coat is the thin film magnetic head according to claim 2 formed with a 
NiFe alloy, nickel, and a nickel-P alloy. 

[Claim 4] For said high specific resistance layer which is formed in the inferior surface of tongue 
of said up core layer, and/or the top face of said lower core layer, and was formed in said up 
core layer and/ or said lower core layer, said high specific resistance layer is the thin film 
magnetic head according to claim 1 currently formed in said gap layer at the part except the 
other magnetic— path formation field. 

[Claim 5] The magnetic layer besides the above formed between said up core layer and/or a 
lower core layer, and said gap layer is the thin film magnetic head according to claim 1 to 4 
which is the high Bs layer which has the saturation magnetic flux density Bs higher than said 
soft magnetism layer which forms said core layer. 

[Claim 6] The thin film magnetic head according to claim 5 by which the slot which an insulating 
layer is formed, and opens spacing crosswise [ truck ] at this insulating layer, and extends in the 
height direction from an opposed face with a record medium is formed on said lower core layer, 
and said quantity Bs layer and said gap layer are formed at least in this slot. 
[Claim 7] Said soft magnetism layer which forms said core layer is the thin film magnetic head 
according to claim 1 to 6 which has the saturation magnetic flux density Bs higher than said high 
specific resistance layer. 

[Claim 8] The thin film magnetic head according to claim 7 with more [ at least in one side of an 
up core layer and a lower core layer, said soft magnetism layer and said high specific resistance 
layer are formed with the magnetic material of the combination of the same element containing 
Fe, and ] amount of Fe(s) of said soft magnetism layer in said high specific resistance layer than 
the amount of Fe(s). 

[Claim 9] The thin film magnetic head according to claim 5 or 6 with more [ said soft magnetism 
layer and said quantity Bs layer are formed with the magnetic material of the combination of the 
same element containing Fe, and ] amount of Fe(s) of said quantity Bs layer in said soft 
magnetism layer than the amount of Fe(s). 

[Claim 10] Among said soft magnetism layer which forms said up core layer and/or a lower core 
layer, said high specific resistance layer, and said quantity Bs layer, at least one layer The thin 
film magnetic head according to claim 1 to 9 in which an empirical formula is shown by CoxFey, 
and the presentation ratio x and y are 20<=X<=40, 60<=Y<=80 or 86<=x<=92, and 8<=y<=14 in 
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atomic %, and are formed by the soft magnetic materials which fill the relation which it becomes 
x+y=100. 

[Claim 1 1] At least one of said soft magnetism layer which forms said up core layer and/or a 
lower core layer, said high specific resistance layer, and said quantity Bs layers is the thin film 
magnetic head according to claim 1 to 9 formed by the soft magnetic materials with which an 
empirical formula is shown by CoxFeyNiz, and the presentation ratio x, and y and z are mass %s, 
and fill 0.1<=x<=15, 38<=y<=60, 40<=z<=62, and the relation it is unrelated x+y+z=100. 
[Claim 12] Among said soft magnetism layer which forms said up core layer and/or a lower core 
layer, said high specific resistance layer, and said quantity Bs layer, at least one layer An 
empirical formula is CoxFeyNizXw (however. Element X). It is shown by at least one sort or two 
sorts or more of elements chosen from Mo, Cr, Pd, B, and In. The presentation ratio x, and y, z 
and w by mass % 0.1<=x<=15, 38<=y<=60, 40<=z<=62, 0.1<=w<=3, the thin film magnetic head 
according to claim 1 to 9 formed by the soft magnetic materials which fill the relation it is 
unrelated x+y+z+w=100. 

[Claim 13] Said soft magnetic materials are the thin film magnetic head according to claim 10 to 
12 used at least for one side of said soft magnetism layer and said quantity Bs layer. 
[Claim 14] At least one of said soft magnetism layer which forms said up core layer and/or a 
lower core layer, said high specific resistance layer, and said quantity Bs layers is the thin film 
magnetic head according to claim 1 to 9 formed by the soft magnetic materials with which an 
empirical formula is shown by NiXFey, and the presentation ratio x and y are atomic %s, and fill 
10<=x<=70, 30<=y<=90, and the relation it is unrelated x+y=100. 

[Claim 15] Among said soft magnetism layer which forms said up core layer and/or a lower core 
layer, said high specific resistance layer, and said quantity Bs layer, at least one layer An 
empirical formula is FeaMbOc (however. Element MX It is shown by one sort or two sorts or 
more of elements chosen from Hf, Zr, Ti, V, Nb, Ta, Cr, Mo, and W. The presentation ratios a F b, 
and c by atomic % 50<=a<=70, 5<=b<-30, 1 0<=c<=30, the thin film magnetic head according to 
claim 1 to 9 formed by the soft magnetic materials which fill the relation it is unrelated 
a+b+c=100. 

[Claim 16] Said soft magnetic materials are the thin film magnetic head according to claim 14 or 
1 5 used for said high specific resistance layer. 

[Claim 1 7] It is the thin film magnetic head according to claim 1 to 9 which said high specific 
resistance layer contains nickel, Fe, and N at least as a presentation element, and is formed by 
the soft magnetic materials whose diameter of average crystal grain is 80A or less, and whose 
presentation ratio of Fe is moreover more than 30 mass % further. 

[Claim 18] The center line average of roughness height (Ra) of the film surface of said soft 
magnetic materials is the thin film magnetic head according to claim 16 which is 120A or less. 
[Claim 19] Said high specific resistance layer is the thin film magnetic head according to claim 1 
to 9 formed by the soft magnetic materials with which an empirical formula is shown by 
NixFeyNbz, and the presentation ratio x, and y and z are atomic %s, and moreover fill 76<=x<=84, 
8<=y<=15, 5<=z<=12, and the relation it is unrelated x+y+z=100. 

[Claim 20] Said high specific resistance layer is the thin film magnetic head according to claim 1 
to 9 formed by NiFeP or FeNiPN. 

[Claim 21] Said soft magnetism layer which forms an up core layer and/or a lower core layer, or 
said quantity Bs layer is the thin film magnetic head according to claim 1 to 7 formed by the soft 
magnetic materials with which an empirical formula is shown by CoxZryNbz, and the presentation 
ratio x, and y and z are atomic %s, and fill 1.5<=y<=13, 6.5<=z<=15, 1 <=(y/z) <=2.5, and the 
relation it is unrelated x+y+z=100. 

[Claim 22] Said soft magnetism layer which forms an up core layer and/or a lower core layer, or 
said quantity Bs layer is the thin film magnetic head according to claim 1 to 7 formed by the soft 
magnetic materials with which an empirical formula is shown by CoxHfyNbz, and the presentation 
ratio x, and y and z are atomic %s, and fill 1.5<=y<=13, 6.5<=z<=15, 1 <=(y/z) <=2.5, and the 
relation it is unrelated x+y+z=100. 

[Claim 23] Said soft magnetism layer which forms an up core layer and/or a lower core layer, or 
said quantity Bs layer is the thin film magnetic head according to claim 1 to 9 formed by the soft 
magnetic materials shown below. Fe of a principal component and one sort or two sorts or more 
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of elements M and C chdsen from Hf, Zr, Ti, V f Nb, Ta t Cr f Mo f and W are contained. As a film 
configuration Have the crystal phase which uses Fe as a principal component, and the crystal 
phase of the carbide of Element M, and the diameter of average crystal grain consists of fine 
crystals 40nm or less as the whole. Furthermore, when the diameter of average crystal grain of 
the crystal phase which uses the diameter of average crystal grain of the carbide of Element M 
to d, and uses Fe as a principal component is set to D The ratio (d/D) is 0.05 <=d/D<=0.4, an 
empirical formula is shown by FexMyCz, and the presentation ratio x, and y and z are atomic %s, 
and it fills 50<=x<=96, 2<=y<=30, 0.5<=z<=25, and the relation it is unrelated x+y+z=100. 
[Claim 24] Said soft magnetism layer which forms an up core layer and/or a lower core layer, or 
said quantity Bs layer is the thin film magnetic head according to claim 1 to 7 formed by the soft 
magnetic materials shown below. The elements T and Si of Fe of a principal component, and/or 
Co, and/or the element X of aluminum One sort or two sorts or more of elements M chosen 
from Ti, Zr, Hf ( V, Ta, Mo, and W One sort or two sorts or more of elements Q chosen from the 
element Z of C and/or N, and Cr, Re, Rh t nickel, Pd, Pt and Au are contained. As a film 
configuration It has the crystal phase which uses Fe and/or Co as a principal component, and 
the crystal phase of the carbide of Element M, and/or a nitride. As the whole, the diameter of 
average crystal grain consists of fine crystals 40nm or less. Further When the diameter of 
average crystal grain of the crystal phase which uses d, Fe, and/or Co as a principal component 
for the diameter of average crystal grain of the carbide of Element M and/or a nitride is set to D 
The ratio (d/D) is 0.05 <=d/D<=0.4, an empirical formula is shown by TaXbMcZdQe, and the 
presentation ratios a, b, c, d, and e are atomic %s, and it fills 0<=b<=25, 1<=c<=10, 5<=d<=15, 
0<=e<=10, and the relation it is unrelated a+b+c+d+e=100. 

[Claim 25] Said soft magnetism layer which forms an up core layer and/or a lower core layer, or 
said quantity Bs layer is the thin film magnetic head according to claim 1 to 7 formed by the soft 
magnetic materials shown below. The element T of Fe of a principal component, and/or Co, Si 
and aluminum, and one sort or two sorts or more of elements M chosen from Zr, Hf r Nb, and Ta 
One sort or two sorts or more of elements Q chosen from the element Z of C and/or N, and Cr, 
Ti, Mo, W, V, Re, Ru, Rh, nickel, Pd, Pt and Au are contained. As a film configuration To the 
microcrystal phase from which the diameter of average crystal grain of the body-centered cubic 
structure used as a principal component is set to 40nm or less, at least Element T Si or 
aluminum, Element Q dissolves, it has the crystal phase of the carbide of the element M which 
deposited further in the grain boundary of said fine crystal phase, and/or a nitride, an empirical 
formula is shown by TaSibAlcMdZeQf, and the presentation ratios a, b, c, d, e, and f are atomic % 
s. 8<=b<=15, 0<=c<=10, 1<=d<=10, 1<=e<=10, 0<=f<=15, and the relation it is unrelated 
a+b+c+d+e+f=100 are filled. 

[Claim 26] It is the thin film magnetic head according to claim 1 to 9 which, as for said soft 
magnetism layer which forms an up core layer and/or a lower core layer, or said quantity Bs 
layer, an empirical formula is shown by nickel 1-XFeX, and the diameter of average crystal grain 
is 105A or less, and is formed by the soft magnetic materials whose presentation ratio X of Fe is 
within the limits of 60 mass % to 90 mass %. 

[Claim 27] The center line average of roughness height (Ra) of the film surface of said soft 
magnetism film is the thin film magnetic head according to claim 26 which is 25A or less. 
[Claim 28] The lower core layer and up core layer which meet through other magnetic pole 
layers which met through the gap layer or were joined to a gap layer and this gap layer, In case 
said one [ at least ] core layer is formed, while forming a soft magnetism layer in the 
manufacture approach of the thin film magnetic head of having the coil layer which gives a 
record field to said both core layers The laminating of the high specific resistance layer with 
specific resistance higher than said soft magnetism layer is carried out to an inferior-surface- 
of-tongue [ of said soft magnetism layer ], and/or top-face side. At this time The manufacture 
approach of the thin film magnetic head characterized by adding an amino system organic 
material and forming said high specific resistance layer during the plating bath which has Fe ion 
and nickel ion by depositing the soft magnetic materials which contained Fe. nickel, and N at 
least in the presentation element. 

[Claim 29] The manufacture approach of the thin film magnetic head according to claim 28 which 
keeps pH under said plating bath or less at 1 .8. 
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[Claim 30] The manufacture approach of the thin film magnetic head according to claim 28 or 29 
which chooses one sort or two sorts or more from ethylenediamine (EDA), diethylenetriamine 
(DETA), triethylenetetramine (TETA), an alanine (Ala), or glutamic acid (Glu) as said amino 
system organic material. 

[Claim 31] The manufacture approach of the thin film magnetic head according to claim 28 to 30 
which forms said soft magnetism layer of one [ at least ] core layer by the nickel~Fe alloy film, 
and forms said nickel-Fe alloy film by the electroplating method using pulse current at this time. 
[Claim 32] The manufacture approach of the thin film magnetic head according to claim 31 which 
makes the diameter of crystal grain of said alloy film 105A or less, and moreover forms the 
presentation ratio X of Fe by 60 mass % to 90 mass %. 

[Claim 33] The manufacture approach of the thin film magnetic head according to claim 32 which 
forms the center line average of roughness height (Ra) of the film surface of said alloy film by 
25A or less. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the thin film magnetic head carried in a hard 
disk drive unit etc., and relates to the future thin film magnetic head which can respond to a 
raise in recording density, and quantity record frequency-ization and its future manufacture 
approach. 
[0002] 

[Description of the Prior Art] Drawing 9 is the expanded sectional view having shown the 

conventional thin film magnetic head from the opposite side of a record medium. 

[0003] This thin film magnetic head is an inductive head for writing, it reads to the illustration 

down side of this inductive head, and the MR head of business may be formed. 

[0004] The sign 1 shown in drawing 9 is the lower core layer formed with the existing magnetic 

materials, such as a permalloy (trademark). As shown in drawing 9 , on said lower core layer 1, 

the insulating layer 3 which the gap layer 2 by an alumina etc. was formed and was further 

formed with polyimide or a resist ingredient on said gap layer 2 is formed. 

[0005] On said insulating layer 3, the coil layer 4 by which pattern formation was carried out so 
that it might become spiral is formed. Said coil layer 4 is formed with the nonmagnetic electrical 
conducting material with small electric resistance, such as Cu (copper). And said coil layer 4 is 
covered with the insulating layer 5 formed with polyimide or a resist ingredient, and plating 
formation of the up core layer 6 formed with magnetic materials, such as a permalloy, on said 
insulating layer 5 is carried out. 

[0006] As shown in drawing 9 , as for said up core layer 6, the magnetic gap of the magnetic gap 
length GI1 to whom the point 6a counters through said gap layer 2 on the lower core layer 1 by 
the opposed face (ABS side) of a record medium, and gives a record field to a record medium is 
formed. Moreover, end face section 6b of said up core layer 6 is magnetically connected to the 
lower core layer 1 . 

[0007] In the inductive head shown in drawing 9 , a record field is given to the up core layer 6 
and the lower core layer 1 from said coil layer 4 according to the record current which flows in 
the coil layer 4. And a magnetic signal is recorded on record media, such as a hard disk, by the 
leak field between the lower core layers 1 and the up core layers 6 in the part of a magnetic gap. 

[0008] 

[Problem(s) to be Solved by the Invention] By the way, there is the need of raising the 
saturation magnetic flux density Bs and specific resistance rho of the up core layer 6 especially, 
with future raise in recording density and formation of a quantity record frequency. 
[0009] Although it was magnetic properties required in order for specific resistance rho to 
reduce the eddy current loss in a high-frequency band, when a NiFe alloy was used for said up 
core layer 6, said specific resistance rho usually had only SOmicro ohm-cm extent. 
[0010] For this reason, in the conventional thin film magnetic head, eddy current loss was not 
fully able to be controlled in the high frequency band. 

[001 1] Moreover, the high saturation magnetic flux density Bs is magnetic properties required in 
order to raise recording density. 
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[0012] However, if the up core layer 6 is formed with the magnetic material which has the high 
saturation magnetic flux density Bs which can respond to a raise in recording density, and 
quantity record frequency-ization, specific resistance rho will fall further and will become control 
of eddy current loss with the configuration going back. 

[0013] On the contrary, when forming the up core layer 6 with the magnetic material which has 
the high specific resistance rho, saturation magnetic flux density Bs had to be made to some 
extent into the sacrifice. 

[0014] Moreover, in the former, the thin film magnetic head of the following structures was also 
invented paying attention to saturation magnetic flux density Bs. 

[0015] That is, the up core layer 6 shown in drawing 9 is made into two-layer structure, and the 
attempt which is going to arrange the high Bs film which has the high saturation magnetic flux 
density Bs in the layer of the side which counters the gap layer 2, is going to arrange in it the 
permalloy film (nickel-Fe alloy film) currently used for the layer of another side from the former, 
and is going to correspond to it at high recording density-ization is made. In addition, the lower 
core layer 1 is formed by the monolayer of the permalloy film. 

[0016] Also in point 6a of the up core layer 6, since it generates from the part near especially 
the gap layer 2, if the high Bs film is arranged, the record field generated towards the lower core 
layer 1 from point 6a of the up core layer 6 can generate a field intensively near the gap in the 
side which counters the gap layer 2, and is considered [ that it can respond to future high 
recording density-ization, and ] at it. 

[0017] however, with the above-mentioned configuration which arranged the high Bs film in the 
layer of the side which makes the up core layer 6 two-layer structure, and counters the gap 
layer 2 If it compares when said up core layer 6 is formed by the monolayer of the permalloy film 
Even if it is the above-mentioned configuration of what can raise a recording characteristic, the 
record field generated between said quantity Bs film and lower core layers By being influenced of 
the field from a record medium, to extent effective in a raise in future recording density It was 
thought that a strong record field could not be centralized near the gap,_and_it_was checked by 
the experiment which it mentions later that many properties, such as OW (over-writing) property 
and a NLTS property, cannot be raised more effectively. 

[0018] Here, the core layer 1 indicated to be NLTS to drawing 9 and the record field generated 
in the magnetic gap between six are the things of the phase lead lag network which is influenced 
of the record field emitted towards a head side from the magnetic-recording signal recorded on 
the record medium immediately before, and produces and causes a nonlinear distortion. 
[0019] Moreover, it is the thing of overwrite in OW (over-writing), and whether it fell however 
from the output of the record signal in said low frequency before recording by low frequency 
first, carrying out overwrite by the RF further and the after-heat power of the record signal in 
low frequency carrying out overwrite by the RF in the condition estimates OW property. 
[0020] Furthermore, the up core layer 6 can be made into two-layer structure, and the eddy 
current loss generated when a record frequency rises cannot be effectively reduced with the 
above-mentioned configuration which arranged the high Bs film in the layer of the side which 
only counters the gap layer 2. 

[0021] This invention is for solving the above-mentioned conventional technical problem, and 
especially, the structure of an up core layer and a lower core layer and the magnetic material 
used as a core layer are improved, and it aims at offering the thin film magnetic head which can 
respond to a raise in recording density, and high-frequency-ization, and its manufacture 
approach. 
[0022] 

[Means for Solving the Problem] The lower core layer and up core layer which meet through 
other magnetic pole layers which this invention met through the gap layer, or were joined to a 
gap layer and this gap layer, In the thin film magnetic head which has the coil layer which gives a 
record field to said both core layers said one [ at least ] core layer It is characterized by the 
thing of a soft magnetism layer and the high specific resistance layer by which the laminating 
was carried out to said soft magnetism layer by the inferior-surface-of-tongue [ of said core 
layer ], and/or top-face side for which it is formed by two-layer at least, and said high specific 
resistance layer is formed with the magnetic material of high specific resistance rather than said 
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soft magnetism layer. 

[0023] By this invention, it has the soft magnetism layer and the high specific resistance layer by 
which the laminating was carried out to the inferior-surface-of^ongue [ of said core layer ], 
and/or top-face side by one [ at least ] core layer as mentioned above. For this reason, the 
eddy current generated when a record frequency rises can be reduced, and it becomes possible 
to manufacture the thin film magnetic head which can respond to future high record frequency- 
ization. 

[0024] In addition, the reason for forming a high specific resistance layer on the surface of a 
core layer is that it is easy to generate especially an eddy current near [ said ] a core layer front 
face according to the skin effect as mentioned above. 

[0025] Moreover, it is desirable that said high specific resistance layer is prepared in the top- 
face side of an up core layer at this invention, and said high specific resistance layer top is 
covered by the protective coat. The protective coat is prepared in the front face of said high 
specific resistance layer that the reason for a wrap tends to break said high specific resistance 
layer since said high specific resistance layer is usually formed with the weak quality of the 
material, and the crack of said high specific resistance layer etc. should be prevented by the 
protective coat for this reason. 

[0026] In addition, as for said protective coat, it is desirable to be formed with a NiFe alloy, 
nickel, and a NiP alloy. 

[0027] Moreover, as for said high specific resistance layer which said high specific resistance 
layer is formed in the inferior surface of tongue of said up core layer, and/or the top face of said 
lower core layer in this invention, and was formed in said up core layer and/or said lower core 
layer, it is desirable to be formed in said gap layer at the part except the other magnetic-path 
formation field. 

[0028] If said high resistive layer is formed even in said magnetic-path formation field, the record 
field generated near the gap will be sacrificed. In addition, when said high specific resistance 
layer is formed in the top face of an up core layer, or the inferior surface of tongue of a lower 
core layer, there are no above limits. 

[0029] Moreover, as for the magnetic layer besides the above formed in this invention between 
said up core layer and/or a lower core layer, and said gap layer, it is desirable that it is the high 
Bs layer which has the saturation magnetic flux density Bs higher than said soft magnetism layer 
which forms said core layer. 

[0030] according to this gestalt, a strong record field is generated near the gap — it can make - 
- record — resolution can improve and can manufacture the thin film magnetic head which can 
respond to future high recording density-ization. 

[0031] Moreover, in the above-mentioned configuration, it is desirable that the slot which an 
insulating layer is formed, and opens spacing crosswise [ truck ] at this insulating layer, and 
extends in the height direction from an opposed face with a record medium is formed on said 
lower core layer, and said quantity Bs layer and said gap layer are formed at least in this slot. 
[0032] If the thin film magnetic head formed with the above-mentioned configuration is the 
structure where it can respond to ** truck-ization and it is the above-mentioned structure, it 
will become possible to form preferably 1.0 micrometers or less of width of recording track by 0.7 
micrometers or less. And it is possible to be able to centralize a record field near the gap more 
and to attain high recording density-ization by a high Bs layer being formed in said Mizouchi. 
[0033] Moreover, as for said soft magnetism layer which forms said core layer in this invention, it 
is desirable to have the saturation magnetic flux density Bs higher than said high specific 
resistance layer. Thereby, a record field can be centralized near the gap and the thin film 
magnetic head which can respond to future high recording density-ization can be manufactured. 
[0034] Moreover, it is formed with the magnetic material of the combination of the same element 
with which said soft magnetism layer and said high specific resistance layer contain Fe at this 
invention at least by one side of an up core layer and a lower core layer, and it is desirable that 
there are more amounts of Fe(s) of said soft magnetism layer than the amount of Fe(s) of said 
high specific resistance layer. 

[0035] Moreover, in this invention, said soft magnetism layer and said quantity Bs layer are 
formed with the magnetic material of the combination of the same element containing Fe, and it 
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is desirable that there are more amounts of Fe(s) of said quantity Bs layer than the amount of 
Fe(s) of said soft magnetism layer. 

[0036] Thus, if the amount of Fe(s) is made [ many ] f saturation magnetic flux density Bs can be 
raised. Or an empirical formula is shown by CoxFey, the presentation ratio x and y are atomic %s, 
it is 20<=X<=40, 60<=Y<=80 or 86<=x<=92, and 8<=y<=14, and, as for at least one of said soft 
magnetism layer which forms said up core layer and/or a lower core layer in this invention, said 
high specific resistance layer, and said quantity Bs layers, it is desirable to be formed at the soft 
magnetic materials which fill the relation which it becomes x+y=100. 

[0037] Or as for at least one of said soft magnetism layer which forms said up core layer and/or 
a lower core layer in this invention, said high specific resistance layer, and said quantity Bs 
layers, it is desirable to be formed at the soft magnetic materials with which an empirical formula 
is shown by CoxFeyNiz, and the presentation ratio x, and y and z are mass %s f and fill 
0.1<=x<=15, 38<=y<=60, 40<=z<=62, and the relation it is unrelated x+y+z=100. 
[0038] In this invention, among said soft magnetism layer which furthermore forms said up core 
layer and/or a lower core layer, said high specific resistance layer, and said quantity Bs layer, at 
least one layer An empirical formula is CoxFeyNizXw (however, Element X). It is shown by at 
least one sort or two sorts or more of elements chosen from Mo, Cr, Pd, B, and In. The 
presentation ratio x, and y, z and w by mass % It is desirable to be formed by the soft magnetic 
materials which fill 0.1<=x<=15, 38<=y<=60, 40<=z<=62, 0.1<=w<=3, and the relation it is unrelated 
x+y+z+w=100. 

[0039] In addition, as for the above-mentioned soft magnetic materials, it is desirable to be used 
at least for one side of said soft magnetism layer and a high Bs layer. 

[0040] Or as for at least one of said soft magnetism layer which forms said up core layer and/or 
a lower core layer in this invention, said high specific resistance layer, and said quantity Bs 
layers, it is desirable to be formed at the soft magnetic materials with which an empirical formula 
is shown by NiXFey, and the presentation ratio x and y are atomic %s, and fill 10<=x<=70, 
30<=y<=90, and the relation it is unrelated x+y=100. 

[0041] In this invention, among said soft magnetism layer which forms said up core layer and/or 
a lower core layer, said high specific resistance layer, and said quantity Bs layer, or at least one 
layer An empirical formula is FeaMbOc (however, Element M). It is shown by one sort or two 
sorts or more of elements chosen from Hf, Zr, Ti, V, Nb, Ta, Cr, Mo, and W. The presentation 
ratios a, b, and c by atomic % It is desirable to be formed by the soft magnetic materials which fill 
50<=a<=70, 5<=b<=30, 10<=c<=30, and the relation it is unrelated a+b+c=100. 
[0042] In addition, as for the above-mentioned soft magnetic materials, being used for a high 
specific resistance layer is desirable. Or it is desirable to be formed in this invention by the soft 
magnetic materials whose diameter of average crystal grain said high specific resistance layer 
contains nickel, Fe, and N at least as a presentation element, and is moreover 80A or less and 
whose presentation ratio of Fe is more than 30 mass % further. In addition, it is desirable that the 
center line average of roughness height (Ra) of the film surface of said soft magnetic materials is 
120A or less in this case. 

[0043] Or as for said high specific resistance layer, in this invention, it is desirable to be formed 
at the soft magnetic materials with which an empirical formula is shown by NixFeyNbz, and the 
presentation ratio x, and y and z are atomic %s, and moreover fill 76<=x<=84 ( 8<=y<=1 5, 
5<=z<=12, and the relation it is unrelated x+y+z=100. 

[0044] As for said high specific resistance layer, in this invention, being formed at NiFeP or 
FeNiPN is still more desirable. 

[0045] Moreover, as for said soft magnetism layer and high Bs layer which form said up core 
layer and/or a lower core layer in this invention, it is desirable to be formed at the soft magnetic 
materials with which an empirical formula is shown by CoxZryNbz, and the presentation ratio x, 
and y and z are atomic %s, and fill 1.5<=y<=13, 6.5<=z<=15, 1 <=(y/z) <=2.5, and the relation it is 
unrelated x+y+z=100. 

[0046] Or as for said soft magnetism layer which forms said up core layer and/or a lower core 
layer in this invention, or said quantity Bs layer, it is desirable to be formed at the soft magnetic 
materials with which an empirical formula is shown by CoxHfyNbz, and the presentation ratio x, 
and y and z are atomic %s, and fill 1.5<=y<=13, 6.5<=z<=15, 1 <=(y/z) <=2.5, and the relation it is 
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unrelated x+y+z=100. 

[0047] Or as for said soft magnetism layer which forms said up core layer and/or a lower core 
layer in this invention, or said quantity Bs layer, it is desirable to be formed at the soft magnetic 
materials shown below. 

[0048] Fe of a principal component and one sort or two sorts or more of elements M and C 
chosen from Hf, Zr, Ti f V, Nb, Ta, Cr, Mo, and W are contained. As a film configuration Have the 
crystal phase which uses Fe as a principal component, and the crystal phase of the carbide of 
Element M, and the diameter of average crystal grain consists of fine crystals 40nm or less as 
the whole. Furthermore, when the diameter of average crystal grain of the crystal phase which 
uses the diameter of average crystal grain of the carbide of Element M to d, and uses Fe as a 
principal component is set to D The ratio (d/D) is 0.05 <=d/D<=0.4 t an empirical formula is 
shown by FexMyCz, and the presentation ratio x, and y and z are atomic %s, and it fills 
50<=x<=96, 2<=y<=30, 0.5<=z<=25, and the relation it is unrelated x+y+z=100. 
[0049] Or as for said soft magnetism layer which forms said up core layer and/or a lower core 
layer in this invention, or said quantity Bs layer, it is desirable to be formed at the soft magnetic 
materials shown below. 

[0050] The elements T and Si of Fe of a principal component, and/or Co, and/or the element X 
of aluminum One sort or two sorts or more of elements M chosen from Ti, Zr, Hf, V, Ta, Mo, and 
W One sort or two sorts or more of elements Q chosen from the element Z of C and/or N, and 
Cr, Re, Rh, nickel, Pd, Pt and Au are contained. As a film configuration It has the crystal phase 
which uses Fe and/or Co as a principal component, and the crystal phase of the carbide of 
Element M, and/or a nitride. As the whole, the diameter of average crystal grain consists of fine 
crystals 40nm or less. Further When the diameter of average crystal grain of the crystal phase 
which uses d, Fe, and/or Co as a principal component for the diameter of average crystal grain 
of the carbide of Element M and/or a nitride is set to D The ratio (d/D) is 0.05 <=d/D<=0.4, an 
empirical formula is shown by TaXbMcZdQe, and the presentation ratios a, b, c, d, and e are 
atomic %s, and it fills 0<=b<=25, 1<=c<=10. 5<=d<=15, 0<=e<=10, and the relation it is unrelated 
a+b+c+d+e=100. 

[0051] Or as for said soft magnetism layer which forms said up core layer and/or a lower core 
layer in this invention, or said quantity Bs layer, it is desirable to be formed at the soft magnetic 
materials shown below. 

[0052] The element T of Fe of a principal component, and/or Co, Si and aluminum, and one sort 
or two sorts or more of elements M chosen from Zr, Hf, Nb, and Ta One sort or two sorts or 
more of elements Q chosen from the element Z of C and/or N, and Cr, Ti, Mo, W, V, Re, Ru, Rh, 
nickel, Pd, Pt and Au are contained. As a film configuration To the microcrystal phase from 
which the diameter of average crystal grain of the body-centered cubic structure used as a 
principal component is set to 40nm or less, at least Element T Si or aluminum, Element Q 
dissolves, it has the crystal phase of the carbide of the element M which deposited further in the 
grain boundary of said fine crystal phase, and/or a nitride, an empirical formula is shown by 
TaSibAlcMdZeQf, and the presentation ratios a, b, c, d, e, and f are atomic %s. 8<=b<=15, 
0<=c<=10, 1<=d<=10, 1<=e<=10, 0<=f<=15, and the relation it is unrelated a+b+c+d+e+f=100 are 
filled. 

[0053] As for said soft magnetism layer or high Bs layer which forms said up core layer and/or a 
lower core layer in this invention, an empirical formula is shown by nickel 1-XFeX, the diameter of 
average crystal grain is 105A or less, and, as for the presentation ratio X of Fe, it is still more 
desirable to be formed at the soft magnetic materials which are within the limits of 60 mass % to 
90 mass %. In addition, it is desirable that the center line average of roughness height (Ra) of the 
film surface of said soft magnetism film is 25A or less in this case. 

[0054] Moreover, the lower core layer and up core layer which meet through other magnetic pole 
layers which this invention met through the gap layer, or were joined to a gap layer and this gap 
layer, In case said one [ at least ] core layer is formed, while forming a soft magnetism layer in 
the manufacture approach of the thin film magnetic head of having the coil layer which gives a 
record field to said both core layers The laminating of the high specific resistance layer with 
specific resistance higher than said soft magnetism layer is carried out to an inferior-surface- 
of-tongue [ of said soft magnetism layer ], and/or top-face side. At this time It is characterized 
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by adding an amino system organic material and forming said high specific resistance layer during 
the plating bath which has Fe ion and nickel ion, by depositing the soft magnetic materials which 
contained Fe, nickel, and N at least in the presentation element. 

[0055] In this invention, as the third element as a presentation element of soft magnetic 
materials by adding N (nitrogen) which is a nonmetallic element in addition to Fe which bears 
magnetism, and nickel Also in future high-frequency-izing, the thin film magnetic head which can 
reduce eddy current loss can be manufactured by being able to raise the specific resistance rho 
of said soft magnetic materials, and using said such soft magnetic materials as a high specific 
resistance layer. 

[0056] Moreover, it is desirable to keep pH under said plating bath or less at 1.8 in this invention. 
In addition, it is desirable to choose one sort or two sorts or more from ethylenediamine (EDA), 
diethylenetriamine (DETA), triethylenetetramine (TETA), an alanine (Ala), or glutamic acid (Glu) 
as said amino system organic material in this invention. 

[0057] Moreover, it is desirable to form said soft magnetism layer of one [ at least ] core layer 
by the nickel-Fe alloy film, and to form said nickel-Fe alloy film by the electroplating method 
using pulse current in this invention, at this time. 

[0058] As mentioned above, by the electroplating method using pulse current, if plating formation 
of the nickel-Fe alloy is carried out, the saturation magnetic flux density Bs of said nickel-Fe 
alloy can be raised. And in this invention, the thin film magnetic head which can respond to 
future high recording density-ization can be manufactured by using said high nickel-Fe alloy of 
saturation magnetic flux density Bs as a soft magnetism layer. 

[0059] Moreover, it is desirable to make the diameter of crystal grain of said alloy film into 105A 
or less, and to form the presentation ratio X of Fe by 60 mass % to 90 mass % moreover in this 
invention, and it is desirable to form the center line average of roughness height (Ra) of the film 
surface of said alloy film by 25A or less further. 
[0060] 

[Embodiment of the Invention] Drawing 1 is the expanded sectional view which shows the thin 
film magnetic head of the operation gestalt of this invention, and was shown from the opposite 
side of a record medium. 

[0061] The thin film magnetic head shown in drawing 1 is the compound-die thin film magnetic 
head to which it was formed in the trailing side edge side of the slider which forms a surfacing 
type head, and the laminating of MR head hi for playback and the inductive head h2 for record 
was carried out. In addition, the thin film magnetic head in this invention may consist of only 
inductive heads. 

[0062] The sign 1 1 shown in drawing 1 is a lower shielding layer made from soft magnetic 
materials. As shown in drawing 1 , on said lower shielding layer 1 1, the lower gap layer 12 formed 
of non-magnetic materials, such as aluminum 203 (alumina), is formed. On the lower gap layer 
12, the laminating of the magneto-resistive effect component 13 is carried out. Said magneto- 
resistive effect component 13 consists of GMR structures represented by the spin bulb film 
using the AMR structure or giant magneto-resistance. Furthermore on said magneto-resistive 
effect component 13, the up gap layer 14 by an alumina etc. is formed. 

[0063] As shown in drawing 1 , the lower core layer 15 is formed on said up gap layer 14. Said 
lower core layer 15 is formed of soft magnetic materials. 

[0064] Moreover, in the thin film magnetic head of a compound die, said lower core layer 15 not 
only functions as a core layer of an inductive head h2, but functions as an up shielding layer of 
MR head hi like drawing 1 . 

[0065] As shown in drawing 1 , on the lower core layer 15, the gap layer 18 formed of non- 
magnetic materials, such as an alumina and Si02, is formed. Furthermore on said gap layer 18, 
the coil layer 20 by which pattern formation was carried out so that it might become spiral 
superficially through the insulating layer 19 made from polyimide or a resist ingredient is formed. 
In addition, said coil layer 20 is formed with the nonmagnetic conductivity ingredient with small 
electric resistance, such as Cu (copper). 

[0066] Furthermore, said coil layer 20 is surrounded by the insulating layer 21 formed with 
polyimide or a resist ingredient, and the up core layer 42 is formed on said insulating layer 21. 
[0067] Said up core layer 42 is formed with the magnetic material. Moreover, as shown in 
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drawing 1 , point 42a of the up core layer 42 has countered the lower core layer 15 through the 
gap layer 1 8, and end face section 42b of said up core layer 42 has connected with the lower 
core layer 15 magnetically further. 

[0068] As for said up core layer 42, the high specific resistance layer 40 is formed in the top 
face of the soft magnetism layer 22 in the example shown in drawing 1 . The specific resistance 
rho of said high specific resistance layer 40 is higher than the specific resistance rho of the soft 
magnetism layer 22. Thus, by forming the high specific resistance layer 40 on the soft magnetism 
layer 22, the eddy current loss generated when a record frequency rises can be reduced. And it 
becomes possible to be able to raise OW property and a NLTS property and to correspond to 
future high record frequency-ization by the ability of said eddy current loss to be reduced 
appropriately. 

[0069] Moreover, as for the thickness h3 of said high specific resistance layer 40, it is desirable 
that it is 1 micrometer or less. Moreover, as for the maximum thickness of said high specific 
resistance layer 40, it is desirable that it is below the thickness of the up core layer 42. 
Moreover, as for the comprehensive thickness which added the thickness of said high specific 
resistance layer 40 and soft magnetism layer 22, it is desirable that it is [ 1.5 micrometer or 
more ] 5.0 micrometers or less. 

[0070] It is possible to only form at most 1 micrometer of high specific resistance layers 40 as 
mentioned above, and to aim at reduction of eddy current loss effectively in this invention. 
Moreover, if comprehensive thickness of the high specific resistance layer 40 and the soft 
magnetism layer 22 is carried out within the limits of the above and said high specific resistance 
layer is then formed below in one half of comprehensive thickness, while it is possible to fully aim 
at reduction of eddy current loss, it is possible to centralize a record field near the gap and to 
attain high recording density-ization. 

[0071] Moreover, as for the specific resistance rho of said high specific resistance layer 40, in 
this invention, it is desirable that it is more than 60micro ohm-cm. In addition, about a magnetic 
material usable as said high specific resistance layer 40, it will mention later. 
[0072] Moreover, as shown in drawing 1 , a protective coat 41 is formed on said high specific 
resistance layer 40, and it will be covered with said protective coat 41 by the front face of said 
high specific resistance layer 40. 

[0073] Thus, the reason for forming said protective coat 41 is for said high specific resistance 
layer 40 to have mechanical and thermal brittleness from the presentation of that quality of the 
material, and for a crack etc. to tend to go into said high specific resistance layer 40 for this 
reason. It is possible to protect said high specific resistance layer 40 from a crack etc. 
appropriately by covering said high specific resistance layer 40 by the protective coat 41. In 
addition, a NiFe system alloy, nickel, NiP, etc. can be used for said protective coat 41. 
[0074] Moreover, in this invention, the high thing of the saturation magnetic flux density Bs of 
said soft magnetism layer 22 is desirable compared with the saturation magnetic flux density Bs 
of said high specific resistance layer 40. 

[0075] Thus, it becomes easy to generate a record field between the up core layers 42 and the 
lower core layers 15 in which the record field guided to the lower core layer 15 and the up core 
layer 42 has [ rather than the high specific resistance layer 40 ] the high saturation magnetic 
flux density Bs in an opposed face (ABS side) with a record medium from the coil layer 20 by 
making high saturation magnetic flux density Bs of the soft magnetism layer 22. 
[0076] and the record field generated between said up core layers 42 and lower core layers 1 5 
since said up core layer 42 and the lower core layer 15 counter the gap layer 18 and are formed 
— a near gap — concentrating — record — resolution can be raised and it becomes possible to 
correspond to future high recording density-ization. 

[0077] In this example, the lower core layer 15 is formed by the monolayer. Said lower core layer 
15 of worsening this shielding function is not desirable in order to mainly act as a shielding 
function of MR head hi, as mentioned above. For example, when said lower core layer 15 is 
formed with the magnetic material which has the high specific resistance rho, said shielding 
function may fall. 

[0078] Said shielding function is a function required in order to reduce the noise of the record 
signal reproduced with the magneto-resistive effect component 13. And in order to raise said 
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shielding function, the high permeability mu and the low magnetostriction constant lambda are 
needed. 

[0079] As required soft magnetic characteristics of said lower core layer 1 5, from specific 
resistance rho f rather, since it is high permeability and a low magnetostriction constant, after 
raising these two soft magnetic characteristics, if specific resistance rho can be made high, it 
will not have exceeded to it. 

[0080] Next, the soft magnetic materials used as the lower core layer 15 in this invention and/or 
an up core layer 42 are explained below. 

[0081] (1) When the soft magnetism layer 22 and the high specific resistance layer 40 are first 
formed by the soft magnetic materials of the combination of the same element containing Fe, 
many things of the amount of Fe(s) of said soft magnetism layer 22 are more desirable than the 
amount of Fe(s) of said high specific resistance layer 40. 

[0082] Thereby, it becomes possible to raise the saturation magnetic flux density Bs of the soft 
magnetism layer 22 compared with the saturation magnetic flux density Bs of the high specific 
resistance layer 40. 

[0083] Moreover, when the high specific resistance layer 40 is formed also for the lower core 
layer 15 in the top face and/or inferior surface of tongue of a soft magnetism layer and said soft 
magnetism layer, many things of the amount of Fe(s) of said soft magnetism layer are more 
desirable than the amount of Fe(s) of said high specific resistance layer 40. 

[0084] (2) An empirical formula is shown by CoxFey, moreover, the presentation ratio x and y are 
atomic %s, it is 20<=X<=40, 60<=Y<=80 or 86<=x<=92, and 8<=y<=14, and, as for at least one of 
the soft magnetism layer which forms the up core layer 42 and/or the lower core layer 15, and 
the high specific resistance layers 40, it is desirable to be formed by the soft magnetic materials 
which fill the relation which it becomes x+y=100. 

[0085] It may be used as a high specific resistance layer 40 which these soft magnetic materials 
have saturation magnetic flux density Bs and specific resistance rho higher than a nickel-Fe~Nb 
alloy, therefore said soft magnetic materials may be used as a soft magnetism layer which forms 
the up core layer 42 and/or the lower core layer 15 which need the high saturation magnetic flux 
density Bs in order to realize high recording density-ization, or needs the specific resistance rho 
high for the formation of a high record frequency. 

[0086] However, it is more more desirable to use said soft magnetic materials in this invention as 
said soft magnetism layer which needs the high saturation magnetic flux density Bs. 
[0087] (3) As for at least one of the soft magnetism layer which forms the up core layer 42 
and/or the lower core layer 15, and the high specific resistance layers 40, it is desirable to be 
formed by the soft magnetic materials with which an empirical formula is shown by CoxFeyNiz, 
and the presentation ratio x, and y and z are mass %s, and moreover fill 0.1<=x<=15, 38<=y<=60, 
40<=z<=62, and the relation it is unrelated x+y+z=100. 

[0088] These soft magnetic materials have high saturation magnetic flux density Bs and specific 
resistance rho compared with the nickel-Fe-Nb alloy or the Co-Fe alloy. Therefore, said soft 
magnetic materials It may be used as a high specific resistance layer 40 which may be used as a 
soft magnetism layer which forms the up core layer 42 and/or the lower core layer 15 which 
need the high saturation magnetic flux density Bs in order to realize high recording density- 
ization, or needs the specific resistance rho high for the formation of a high record frequency. 
[0089] However, it is more more desirable to use said soft magnetic materials in this invention as 
a soft magnetism layer which forms the up core layer 42 and/or the lower core layer 15 which 
need the high saturation magnetic flux density Bs. 

[0090] Among the soft magnetism layer which forms the up core layer 42 and/or the lower core 
layer 15, and the high specific resistance layer 40, (4) At least one layer An empirical formula is 
CoxFeyNizXw (however, Element X). It is shown by at least one sort or two sorts or more of 
elements chosen from Mo, Cr, Pd, B, and In. Moreover, the presentation ratio x, and y, z and w 
by mass % It is desirable to be formed by the soft magnetic materials which fill 0.1<=x<=15, 
38<=y<=60, 40<=z<=62, 0.1<=w<=3, and the relation it is unrelated x+y+z+w=100. 
[0091] These soft magnetic materials have the high specific resistance rho compared with a Co- 
nickel alloy, and have the saturation magnetic flux density Bs equivalent to a Co-nickel-Fe alloy. 
Therefore, said soft magnetic materials It may be used as a high specific resistance layer 40 
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which may be used as a soft magnetism layer which forms the up core layer 42 and/or the lower 
core layer 15 which need the high saturation magnetic flux density Bs in order to realize high 
recording density-ization, or needs the specific resistance rho high for the formation of a high 
record frequency. 

[0092] However, it is more more desirable to use said soft magnetic materials in this invention as 
a soft magnetism layer which forms the up core layer 42 and the /lower core layer 1 5 which 
need the high saturation magnetic flux density Bs. 

[0093] (5) As for at least one of the soft magnetism layer which forms the up core layer 42 
and/or the lower core layer 15, and the high specific resistance layers 40, it is desirable to be 
formed by the soft magnetic materials with which an empirical formula is shown by NiXFey, and 
the presentation ratio x and y are atomic %s, and moreover fill 10<=x<=70, 30<=y<=90, and the 
relation it is unrelated x+y=100. 

[0094] It is nickel80Fe20 alloy (Bs = about 0.95T) that it is above-mentioned presentation within 
the limits. It has saturation magnetic flux density Bs (= about 1.3 T) and specific resistance rho 
(= about SOmicro ohm-cm) higher than rho=about 20micro ohm-cm. Therefore, said soft 
magnetic materials It may be used as a high specific resistance layer 40 which may be used as a 
soft magnetism layer which forms the up core layer 42 and/or the lower core layer 15 which 
need the high saturation magnetic flux density Bs in order to realize high recording density- 
ization, or needs the specific resistance rho high for the formation of a high record frequency. 
[0095] However, it is more more desirable to use said soft magnetic materials in this invention as 
a high specific resistance layer 40 which needs the high specific resistance rho. 
[0096] Among the soft magnetism layer which forms the up core layer 42 and/or the lower core 
layer 15, and the high specific resistance layer 40, (6) At least one layer An empirical formula is 
FeaMbOc (however, Element M). It is shown by one sort or two sorts or more of elements 
chosen from Hf, Zr, Ti, V, Nb, Ta, Cr, Mo, and W. Moreover, the presentation ratios a, b, and c by 
atomic % It is desirable to be formed by the soft magnetic materials which fill 50<=a<=70, 
5<=b<=30, 10<=c<=30, and the relation it is unrelated a+b+c=100. 

[0097] Since these soft magnetic materials have the very small crystal magnetic anisotropy, its 
coercive force He is small and they have good soft magnetic characteristics. Moreover, as for 
especially these soft magnetic materials, it is desirable that specific resistance rho is used as 
400 to 2x105micro ohm-cm and a high specific resistance layer 40 for which the high specific 
resistance rho is needed since it is very large. 

[0098] (7) As for the soft magnetism layer which forms the up core layer 42 and/or the lower 
core layer 1 5, it is desirable to be formed by the soft magnetic materials with which an empirical 
formula is shown by CoxZryNbz, and the presentation ratio x, and y and z are atomic %s, and 
moreover fill 1.5<=y<=13, 6.5<=z<=15, 1 <=(y/z) <=2.5, and the relation it is unrelated x+y+z=100. 
[0099] These soft magnetic materials have high saturation magnetic flux density Bs, and since 
there is no crystal magnetic anisotropy, they have good soft magnetic characteristics. 
[0100] (8) As for the soft magnetism layer which forms the up core layer 42 and/or the lower 
core layer 1 5, it is desirable to be formed by the soft magnetic materials with which an empirical 
formula is shown by CoxHfyNbz, and the presentation ratio x, and y and z are atomic %s, and 
moreover fill 1.5<=y<=13, 6.5<=z<=15, 1 <=(y/z) <=2.5, and the relation it is unrelated x+y+z=100. 
[0101] These soft magnetic materials have high saturation magnetic flux density Bs, and since 
there is no crystal magnetic anisotropy, they have good soft magnetic characteristics. 
[0102] (9) As for the soft magnetism layer which forms the up core layer 42 and/or the lower 
core layer 1 5, it is desirable to be formed by the soft magnetic materials shown below. 
[0103] Fe of a principal component and one sort or two sorts or more of elements M and C 
chosen from Hf, Zr, Ti, V, Nb, Ta, Cr, Mo, and W are contained. As a film configuration Have the 
crystal phase which uses Fe as a principal component, and the crystal phase of the carbide of 
Element M, and the diameter of average crystal grain consists of fine crystals 40nm or less as 
the whole. The diameter of average crystal grain of the crystal phase which uses the diameter of 
average crystal grain of the carbide of Element M to d, and uses Fe as a principal component is 
set to D. Furthermore, to a case The ratio (d/D) is 0.05 <=d/D<=0.4, an empirical formula is 
shown by FexMyCz, and the presentation ratio x, and y and z are atomic %s, and it fills 
50<=x<=96, 2<=y<=30, 0.5<=z<=25, and the relation it is unrelated x+y+z=100. 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



2004/04/01 



10/16 s<— v 



[0104] When the diameter of crystal grain of Fe radical alloy makes it detailed by deposit of the 
carbide of Elements M and C, a crystal magnetic anisotropy is very small, saturation magnetic 
flux density Bs is higher than the Co-Hf-Nb alloy mentioned above, and since it is the low 
coercive force He, good soft magnetic characteristics are obtained and it is the optimal 
ingredient for a raise in recording density. Moreover, by deposit of the carbide of Elements M and 
C, it excels in thermal resistance compared with the Co-Hf-Nb alloy. 

[0105] (10) As for the soft magnetism layer which forms the up core layer 42 and/or the lower 
core layer 15, it is desirable to be formed by the soft magnetic materials shown below. 
[0106] The elements T and Si of Fe of a principal component, and/or Co, and/or the element X 
of aluminum One sort or two sorts or more of elements M chosen from Ti, Zr, Hf, V, Ta, Mo, and 
W One sort or two sorts or more of elements Q chosen from the element Z of C and/or N, and 
Cr, Re, Rh, nickel, Pd, Pt and Au are contained. As a film configuration It has the crystal phase 
which uses Fe and/or Co as a principal component, and the crystal phase of the carbide of 
Element M, and/or a nitride. As the whole, the diameter of average crystal grain consists of fine 
crystals 40nm or less. Further The diameter of average crystal grain of the crystal phase which 
uses d, Fe, and/or Co as a principal component for the diameter of average crystal grain of the 
carbide of Element M and/or a nitride is set to D. To a case The ratio (d/D) is 0.05 <=d/D<=0.4, 
an empirical formula is shown by TaXbMcZdQe, and the presentation ratios a, b, c, d, and e are 
atomic %s, and it fills 0<=b<=25, 1<=c<=10, 5<=d<=15, 0<=e<=10, and the relation it is unrelated 
a+b+c+d+e=100. 

[0107] Since Element X is contained, specific resistance rho (about 120micro ohm-cm) is large, 
and excels said Fe-M-C alloy rather than the Fe-M-C alloy mentioned above in corrosion 
resistance and oxidation resistance. 

[0108] (1 1) As for the soft magnetism layer which forms the up core layer 42 and/or the lower 
core layer 15, it is desirable to be formed by the soft magnetic materials shown below. 
[0109] The element T of Fe of a principal component, and/or Co, Si and aluminum, and one sort 
or two sorts or more of elements M chosen from Zr, Hf, Nb, and Ta One sort or two sorts or 
more of elements Q chosen from the element Z of C and/or N, and Cr, Ti, Mo, W, V, Re, Ru, Rh, 
nickel, Pd, Pt and Au are contained. As a film configuration To the microcrystal phase from 
which the diameter of average crystal grain of the body-centered cubic structure used as a 
principal component is set to 40nm or less, at least Element T Si or aluminum, Element Q 
dissolves, it has the crystal phase of the carbide of the element M which deposited further in the 
grain boundary of said fine crystal phase, and/or a nitride, an empirical formula is shown by 
TaSibAlcMdZeQf, and the presentation ratios a, b, c, d, e, and f are atomic %s. 8<=b<=15, 
0<=c<=10, 1<=d<=10, 1<=e<=10, 0<=f<=15, and the relation it is unrelated a+b+c+d+e+f=100 are 
filled. 

[01 10] Since the absolute value of magnetostriction can be made small and internal stress can 
be made small rather than the T-X-M-X-Q alloy mentioned above since both Si and aluminum 
were contained, the resistance to environment by temperature etc. improves. 
[01 1 1] (12) As for the soft magnetism layer which forms the up core layer 42 and/or the lower 
core layer 15, an empirical formula is shown by nickel 1-XFeX, the diameter of average crystal 
grain is 105A or less, and, as for the presentation ratio X of Fe, moreover, it is desirable to be 
formed by the soft magnetic materials which are within the limits of 60 mass % to 90 mass %. In 
this case, as for the center line average of roughness height (Ra) of the film surface of said soft 
magnetism film, it is desirable that it is 25A or less. 

[01 12] These soft magnetic materials have high saturation magnetic flux density Bs, and it 
becomes 1.9T (tesla) extent at the maximum. And coercive force He is low and is below 1.50e 
(oersted). 

[01 13] (13) Contain nickel, Fe, and N at least as a presentation element, moreover the diameter 
of average crystal grain is 80A or less, and, as for the high specific resistance layer 40, it is 
desirable to be formed by the soft magnetic materials whose presentation ratio of Fe is more 
than 30 mass % further. Moreover, as for the center line average of roughness height (Ra) of the 
film surface of said soft magnetic materials, it is desirable that it is 120A or less. 
[01 14] These soft magnetic materials contain N (nitrogen) of a nonmetallic element, and the soft 
magnetic materials formed of the above-mentioned conditions have the high specific resistance 
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rho compared with a nickel-Fe alloy, and have coercive force He and saturation magnetic flux 
density Bs still more nearly comparable as said nickel-Fe alloy. 

[01 15] (14) As for the high specific resistance layer 40, it is desirable to be formed by the soft 
magnetic materials with which an empirical formula is shown by NixFeyNbz, and the presentation 
ratio x, and y and z are atomic %s, and moreover fill 76<=x<=84, 8<=y<=15, 5<=z<=12, and the 
relation it is unrelated x+y+z=100. 

[0116] (15) As for the high specific resistance layer 40, it is desirable to be formed with a FeNiP 
alloy or a FeNiPN alloy. 

[01 17] The soft magnetic materials of the above (14) and (15) have the specific resistance rho 
higher than a nickel-Fe alloy. 

[01 18] By the way, in this invention, when forming with the nickel-Fe alloy in which the soft 
magnetism layer which forms the up core layer 42 and/or the lower core layer 15 is shown by 
the above-mentioned (12), the electroplating method which used pulse current can be mentioned 
as the manufacture approach. 

[01 19] Even if the nickel-Fe alloy which carried out electroplating using said pulse current 
enlarges the presentation ratio (mass %) of Fe contained in the plating film, in connection with it, 
saturation magnetic flux density Bs can be raised and it can raise said saturation magnetic flux 
density Bs even to about 1 ,9T at the maximum. 

[0120] Moreover, it is desirable to make into 105A or less the diameter of average crystal grain 
of the nickel-Fe alloy by which plating formation was carried out, and to form the presentation 
ratio of Fe moreover in this invention, by the electroplating method which used said pulse 
current, at 60 mass % to 90 mass %. Furthermore, it is desirable to form the center line average 
of roughness height (Ra) of the film surface of said soft magnetism film by 25A or less. 
[0121] It is possible to carry out plating formation of the nickel-Fe alloy on the above-mentioned 
conditions according to the electroplating method using pulse current, and if it is the nickel-Fe 
alloy which has the crystal made detailed in this way, it is possible it not only to raise saturation 
magnetic flux density Bs, but to reduce coercive force He. Specifically, said coercive force He 
can be set as 1 .5 or less Oes. 

[0122] Moreover, when forming by the soft magnetic materials which show the high specific 
resistance layer 40 to the above-mentioned (13), forming by the manufacture approach explained 
below is possible. 

[0123] That is, in this invention, the soft magnetic materials which contained Fe, nickel, and N at 
least in the presentation element can be formed by adding an amino system organic material 
during the plating bath which has Fe ion and nickel ion. 

[0124] Thus, the soft magnetic materials which contain N (nitrogen) which is a nonmetallic 
element in a presentation element have high specific resistance rho, and the specific resistance 
rho more than 60micro ohm-cm is specifically obtained. 

[0125] Moreover, especially in this invention, pH (hydrogen exponent) of said plating bath is 
rationalized, the center line average of roughness height (Ra) of the film surface of the soft 
magnetism film by which plating formation was carried out is made small, and, thereby, coercive 
force He can be low suppressed to fitness. Specifically, it is desirable to keep pH under said 
plating bath or less at 1.8. 

[0126] Moreover, in this invention, one sort or two sorts or more can be chosen from 
ethylenediamine (EDA), diethylenetriamine (DETA), triethylenetetramine (TETA), an alanine (Ala), 
or glutamic acid (Glu) as said amino system organic material added during a plating bath. 
[0127] In addition, although the soft magnetism layer 22 and the lower core layer 15 which form 
the up core layer 42 are formed by each by the monolayer in the example shown in drawing 1 , 
you may be the configuration that the laminating of two or more layers was carried out. In this 
case, it is desirable to raise saturation magnetic flux density Bs of each class as the specific 
resistance rho of each class is raised as it separates from a magnetic gap, and a magnetic gap is 
approached. 

[0128] Drawing 2 is partial drawing of longitudinal section showing the operation gestalt of other 
thin film magnetic heads in this invention. 

[0129] With this operation gestalt, it differs in the configuration of drawing 1 and the up core 
layer 42, and ****** is completely the same as other parts. 
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[0130] The high specific resistance layer 40 is formed in the inferior surface of tongue of the 
soft magnetism layer 22 which forms the up core layer 42 as shown in drawing 2 . The specific 
resistance rho of said high specific resistance layer 40 is higher than the specific resistance rho 
of said soft magnetism layer 22. 

[0131] Thus, by forming the high specific resistance layer 40 in the inferior surface of tongue of 
the soft magnetism layer 22, the eddy current loss generated when a record frequency rises can 
be reduced. And it becomes possible to be able to raise OW property and a NLTS property and 
to correspond to future high record frequency-ization by the ability of said eddy current loss to 
be reduced appropriately. In addition, it is as the same as drawing 1 explained the thickness of 
said high specific resistance layer 40 etc. 

[0132] Moreover, in this example, it is desirable that the saturation magnetic flux density Bs of 
said soft magnetism layer 22 is higher than the saturation magnetic flux density Bs of the high 
specific resistance layer 40. It is possible to centralize a record field near the gap by this, and to 
aim at improvement in a recording characteristic. 

[0133] In addition, although the high specific resistance layer 40 is extended and formed also in 
the part (magnetic-path formation field) which touches the gap layer 18 in the example shown in 
drawing 2 , the direction where said high specific resistance layer 40 is not formed in the part 
which touches said gap layer 18 is desirable at the point on which a record field can be 
centralized near the gap. 

[0134] Moreover, as for the quality of the material of the soft magnetism layer which forms the 
up core layer 42 and/or the lower core layer 1 5, and the high specific resistance layer 40, it is 
desirable to be chosen from above-mentioned (1) - (15). 

[0135] Drawing 3 is partial drawing of longitudinal section of the thin film magnetic head showing 
the operation gestalt which formed the high specific resistance layer 40 also in the lower core 
layer 15. 

[0136] As shown in drawing 3 , the high specific resistance layer 40 is formed in the inferior 
surface of tongue of the soft magnetism layer 43 which forms the lower core layer 1 5. 
[0137] Thus, by forming the high specific resistance layer 40 in the inferior surface of tongue of 
the soft magnetism layer 43, the eddy current loss generated when a record frequency rises can 
be reduced. And it becomes possible to be able to raise OW property and a NLTS property and 
to correspond to future high record frequency-ization by the ability of said eddy current loss to 
be reduced appropriately. In addition, it is as the same as drawing 1 explained the thickness of 
said high specific resistance layer 40 etc. 

[0138] Moreover, in this example, it is desirable that the saturation magnetic flux density Bs of 
said soft magnetism layer 43 is higher than the saturation magnetic flux density Bs of the high 
specific resistance layer 40. It is possible to centralize a record field near the gap by this, and to 
aim at improvement in a recording characteristic. 

[0139] Moreover, the high specific resistance layer 40 may be formed in the top face of the soft 
magnetism layer 43. However, since not forming said high specific resistance layer 40 in the 
location (magnetic-path formation field) which touches through the up core layer 42 and the gap 
layer 18 can concentrate a record field near the gap, it is desirable. 

[0140] Moreover, the high specific resistance layer 40 of worsening this shielding function and 
also until raising the specific resistance rho of said high specific resistance layer 40 formed in 
the inferior surface of tongue of the soft magnetism layer 43 is not desirable in order to mainly 
act as a shielding function of MR head hi. 

[0141] Said shielding function is a function required in order to reduce the noise of the record 
signal reproduced with the magneto-resistive effect component 13. And in order to raise said 
shielding function, the high permeability mu and the low magnetostriction constant lambda are 
needed. 

[0142] As required soft magnetic characteristics of the high specific resistance layer 40, it is 
high permeability and a low magnetostriction constant rather, and after raising these two soft 
magnetic characteristics, it is more desirable than specific resistance rho to make specific 
resistance rho high. 

[0143] Drawing 4 is the partial front view showing the operation gestalt of other thin film 
magnetic heads in this invention. Drawing 5 is a fragmentary sectional view at the time of cutting 
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the thin film magnetic head shown in drawing 4 from five to 5 line, and seeing from an arrow 
head. 

[0144] The thin film magnetic head shown in drawing 4 and drawing 5 is the so-called inductive 
head for writing, this inductive head used and reads a magneto-resistive effect, and a laminating 
is carried out on a head (MR head hi; refer to drawing 1 ). 

[0145] The sign 30 shown in drawing 4 and drawing 5 is a soft magnetism layer which forms the 
lower core layer formed by soft magnetic materials. 

[0146] In this invention, as shown in drawing 4 and drawing 5 , the insulating layer 31 formed by 
the insulating material on said soft magnetism layer 30 is formed. Said insulating material 
consists of at least one sort in AIO, aluminum 203, Si02 and Ta 205, TiO and AIN, AISiN, TiN 
and SiN f Si3N4 t and NiO, WO, W03, BN and CrN, and said insulating layer 31 is a monolayer, or is 
multilayered and formed. 

[0147] In this invention, it applies in the height direction (the direction of illustration Y) from an 
opposed face (ABS side) with a record medium, and slot 31a formed with the predetermined die- 
length dimension is formed in said insulating layer 31. 

[0148] Slot 31a which said slot 31a is formed of reactive ion etching (the RIE method), and was 
formed in said insulating layer 31 has the inside width method which regulates the width of 
recording track Tw at least, and is formed. In addition, as for said width of recording track Tw, 
being formed by 1 .0 micrometers or less is desirable, and it is 0.7 micrometers or less more 
preferably. 

[0149] As shown in drawing 4 and drawing 5 , the lower magnetic pole section 32 magnetically 
connected with the soft magnetism layer 30 as the lowest layer is formed in the interior of slot 
31a formed in said insulating layer 31. 

[0150] Moreover, as shown in drawing 4 and drawing 5 , it is in slot 31a and the laminating of the 
gap layer 33 is carried out on said lower magnetic pole section 32. This gap layer 33 is formed 
with the nonmetal material with which one sort or two sorts or more in NiP, NiPd, NiPt, NiRh, 
NiW, NiMo, and Au, Pt, Rh, Pd, Ru and Cr were chosen. 

[0151] As furthermore shown in drawing 4 and drawing 5 , it is in said slot 31a, and the laminating 
of the up magnetic pole section 34 is carried out on the gap layer 33. 

[0152] Moreover, as shown in drawing 4 , from surface 34a of said up magnetic pole section 34, it 
applies to surface 31b of said insulating layer 31, and inclined plane 31c toward which spacing 
spreads gradually and inclines is formed in the both sides of said up magnetic pole section 34 at 
said insulating layer 31. 

[0153] Furthermore, by this invention, as shown in drawing 4 and drawing 5 , the soft magnetism 
layer 36 which applies on inclined plane 31c from on said up magnetic pole section 34, and forms 
an up core layer is formed. 

[0154] Moreover, as shown in drawing 5 , on the gap layer 33 formed in slot 31a of an insulating 
layer 31, fixed spacing (Gd) is vacated in the height direction (the direction of illustration Y) from 
an opposed face with a record medium, it applies on the insulating layer 31 located in a height 
side from on the gap layer 33 behind this spacing, and Gd arrangement insulating layer 37 is 
formed. In addition, said Gd arrangement insulating layer 37 is formed with organic resin 
ingredients, such as polyimide and a resist ingredient. 

[0155] Moreover, as shown in drawing 5 , on said insulating layer 31 prolonged in a height side 
rather than slot 31a formed in the insulating layer 31, pattern formation of the coil layer 38 is 
carried out spirally. In the example shown in drawing 5 , although said coil layer 38 is directly 
formed on the insulating layer 31, Gd arrangement insulating layer 37 mentioned above may be 
formed between said coil layers 38 and insulating layers 31. 

[0156] Furthermore, on said coil layer 38, as said coil layer 38 is covered, the coil insulation layer 
39 is formed, and in addition, this coil insulation layer 39 is formed with organic resin ingredients, 
such as a resist ingredient and polyimide. 

[0157] Moreover, as shown in drawing 5 , the soft magnetism layer 36 mentioned above is 
extended and formed in the height direction from an opposed face with a record medium, on the 
2nd lower core layer 30, it connects magnetically and end face section 36a of the soft 
magnetism layer 36 is formed. 

[0158] Moreover, as shown in drawing 5 , the high specific resistance layer 40 is formed in the 
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inferior surface of tongue of said soft magnetism layer 36 in this example. The specific 
resistance rho of said high specific resistance layer 40 is higher than the specific resistance rho 
of the soft magnetism layer 36. Moreover, said high specific resistance layer 40 is not formed in 
the location (magnetic-path formation field) where the soft magnetism layer 36 counters through 
the gap layer 33 on the soft magnetism layer 30 which forms a lower core layer, and exposure 
formation of said high specific resistance layer 40 is not carried out at an opposed face with a 
record medium. For this reason, formation of said high specific resistance layer 40 does not 
serve as hindrance of concentration of the record field near the gap, but the thin film magnetic 
head which can respond to high recording density-ization can be manufactured. 
[0159] As mentioned above, [ near the gap ], the magnetic pole sections 32 and 34 connect with 
each soft magnetism layers 30 and 36 magnetically, and are formed in them, but if said magnetic 
pole sections 32 and 34 have, and were formed and the saturation magnetic flux density Bs 
higher than the saturation magnetic flux density Bs of each soft magnetism layers 30 and 36 is 
said, they serve as a high Bs layer. 

[0160] Thus, it is possible to be the part of said quantity Bs layer, to be able to centralize a 
record field near the gap, and to attain high recording density-ization more appropriately by 
preparing a high Bs layer near the gap. 

[0161] Moreover, in the example shown in drawing 5 , said magnetic pole sections 32 and 34 are 
formed in slot 31a formed in the insulating layer 31, and since the width-of-face dimension in the 
truck cross direction (the direction of illustration X) of said slot 31a is formed very narrowly, in 
the future formation of a ** truck, manufacture of the thin film magnetic head which can respond 
to high recording density-ization is possible for it. 

[0162] In addition, as for said up magnetic pole section 34 and the lower magnetic pole section 
32 (high Bs layer), it is desirable to be formed of one soft magnetic materials of above- 
mentioned (1) - (12). 

[0163] In addition, although the lower magnetic pole section 32 and the up magnetic pole section 
34 are formed only in slot 31a formed in the insulating layer 31 in the example shown in drawing 
4 and drawing 5 Furthermore, said lower magnetic pole section 32 and the up magnetic pole 
section 34 extend from said slot 31a. Said lower magnetic pole section 32 may be extended and 
formed even in the insulating-layer 31 bottom in which the coil layer 38 is formed, and the up 
magnetic pole section 34 may be extended and formed even on the insulating layer 39. 
[0164] Moreover, although the lower core layer 30 is not formed in slot 31a, in this slot 31a, said 
lower core layer 30 projects and it may be formed. 

[0165] In the thin film magnetic head in this invention explained in full detail above, the high 
specific resistance layer to which one [ at least ] core layer has the specific resistance rho 
higher than said soft magnetism layer on the top face and/or inferior surface of tongue of a soft 
magnetism layer and said soft magnetism layer is formed among the up core layer and the lower 
core layer. 

[0166] The eddy current generated when a record frequency rises can be reduced, and it 
becomes possible to manufacture the thin film magnetic head which can respond to future high 
record frequency-ization. 

[0167] moreover, in this invention, as for said soft magnetism layer, it is desirable to have the 
saturation magnetic flux density Bs higher than a high specific resistance layer, and this 
generates a strong record field near near the gap of each core layer — making — record — 
resolution can be raised and it becomes possible to manufacture the thin film magnetic head 
which can respond to future high recording density-ization. 

[0168] In drawing 1 , on the soft magnetism layer 22 of the up core layer 42 at drawing 2 
Moreover, under the soft magnetism layer 22 of the up core layer 42, Although the high specific 
resistance layer 40 is formed the soft magnetism layer 22 top of the up core layer 42 in drawing 
3 in the bottom of the soft magnetism layer 43 of the lower core layer 1 5 and is prepared in the 
bottom of the soft magnetism layer 36 of an up core layer in drawing 5 , respectively It may be 
prepared in four places of the upper and lower sides of the soft magnetism layer of for example, 
an up core layer, and the upper and lower sides of the soft magnetism layer of a lower core 
layer, and said high specific resistance layer 40 can determine the formation location of said high 
specific resistance layer 40 as arbitration. 
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[0169] 

[Example] In this invention, the thin film magnetic head of the example formed with the following 
configuration and the example of a comparison was manufactured, and it measured about OW 
(over-writing) property, PW50 property, and NLTS property of each thin film magnetic head. 
[0170] The high specific resistance layer is formed in the inferior surface of tongue of the soft 
magnetism layer which forms the top face and lower core layer of a soft magnetism layer in 
which the structure of the thin film magnetic head as an example forms a lower core layer. 
Although all of said soft magnetism layer and a high specific resistance layer are formed with the 
nickel-Fe alloy, the amount of Fe(s) of each soft magnetism layer is large compared with the 
amount of Fe(s) of a high specific resistance layer, and, thereby, saturation magnetic flux density 
Bs is made high for the direction of a soft magnetism layer compared with the high specific 
resistance layer. 

[0171] In addition, the saturation magnetic flux density Bs of each soft magnetism layer formed 
in the side which counters a gap layer was about 1.6T, and the saturation magnetic flux density 
Bs of a high specific resistance layer was about LOT. 

[0172] Moreover, the laminating of the soft magnetism layer two-layer in an up core layer is 
carried out, the structure of the thin film magnetic head as an example of a comparison is 
constituted, and the lower core layer is formed by the monolayer. Also in this case, although all 
soft magnetism layers are formed with the nickel-Fe alloy, the amount of Fe(s) of the nickel-Fe 
alloy formed in the side which counters the gap layer of an up core layer is large compared with 
the amount of Fe(s) of another nickel-Fe alloy, and saturation magnetic flux density Bs is made 
high for the direction of the nickel-Fe alloy formed in the side which counters a gap layer by this 
compared with the nickel-Fe alloy of another side. 

[0173] In addition, the saturation magnetic flux density Bs of the nickel-Fe alloy formed in the 
side which counters a gap layer was about 1 .6T, and the saturation magnetic flux density Bs of 
the nickel-Fe alloy of another side was about 1 .0T. Moreover, the saturation magnetic flux 
density Bs of the lower core layer formed by the monolayer was about 1.6T from 1.4T. 
[0174] Drawing 6 is a graph about the relation between a record current and OW (over-writing) 
property. 

[0175] In addition, in measurement of OW property, it writes in a record medium by low 
frequency, and then a RF performs overwrite. It measured by dB how much it fell in the condition 
compared with the output value of the record signal which the residual output value of the 
record signal first written by low frequency wrote to the beginning before performing overwrite 
by low frequency. OW property is so desirable that it is large in an absolute value. 
[0176] As shown in drawing 6 , if a record current goes up [ in an example ] also in [ both ] the 
example of a comparison, it turns out that the absolute value of OW property becomes large and 
its OW property improves. 

[0177] However, as shown in drawing 6 , compared with the absolute value of OW property in the 
thin film magnetic head of the example of a comparison, 5 or about 6dB of directions of the 
absolute value of OW property in the thin film magnetic head of an example is large, and the 
direction of the thin film magnetic head of an example understands them as the ability of OW 
property to be raised compared with the thin film magnetic head of the example of a comparison. 

[01 78] Drawing 7 is a graph which shows the relation between a record current and PW50 
property, so that the half-value width of an isolated playback wave is measured and this half- 
value width of PW50 property is small — record — it means that resolution is improving. 
[0179] As shown in drawing 7 , compared with the case of the thin film magnetic head of the 
example of a comparison, the direction of the thin film magnetic head of an example can make 
half-value width small, and turns out that PW50 property can be raised. 

[0180] Drawing 8 is a graph which shows the relation between a record current and a NLTS 
property. The NLTS property was measured using the 5th higher-harmonic method which IBM 
Corp. developed. Said NLTS property is so desirable that it is large in an absolute value. 
[0181] As shown in drawing 8 , the direction of the thin film magnetic head of an example turns 
out that a NLTS property can be raised compared with the thin film magnetic head of the 
example of a comparison. 
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[0182] So that it may understand with reference to drawing 6 thru/or drawing 8 As mentioned 
above, the thin film magnetic head of an example, Namely, the direction of the thin film magnetic 
head in which the high specific resistance layer was formed on the inferior surface of tongue of 
the soft magnetism layer which forms the top face and lower core layer of a soft magnetism 
layer which form an up core layer Form by the monolayer, the thin film magnetic head, i.e., the 
lower core layer, of the example of a comparison, and an up core layer side is made two-layer. 
Compared with the thin film magnetic head which made saturation magnetic flux density of a 
magnetic gap and the layer of the side which counters higher than the saturation magnetic flux 
density of the layer of the side which separates from said magnetic gap, it turns out that OW 
property, PW50 property, and a NLTS property can be raised. 
[0183] 

[Effect of the Invention] According to this invention explained in full detail above, the high 
specific resistance layer which has the specific resistance rho higher than said soft magnetism 
layer is formed in the top face and/or inferior surface of tongue of a soft magnetism layer and 
said soft magnetism layer at one [ at least ] core layer of an up core layer and a lower core 
layer. 

[0184] Loss by the eddy current generated by this when a record frequency rises can be 
reduced, and the thin film magnetic head which can respond to future high record frequency- 
ization can be manufactured. 

[0185] moreover, the record field which generates the saturation magnetic flux density Bs of 
said soft magnetism layer from an opposed face with a record medium by making it higher than 
the saturation magnetic flux density Bs of a high specific resistance layer is concentrated near 
the gap — making — record — it becomes possible to raise resolution. For this reason, 
according to this invention, the thin film magnetic head which can be dealt with future high 
recording density-ization can be manufactured. 

[0186] Moreover, in this invention, it becomes possible to raise the specific resistance rho of 
said high specific resistance layer by adding an amino system organic material and forming by 
the soft magnetic materials which contained Fe, nickel, and N at least in the presentation 
element during the plating bath which has Fe ion and nickel ion for said high specific resistance 
layer. 

[0187] When forming the soft magnetism layer of said up core layer or a lower core layer with a 
nickel-Fe alloy in this invention, it is still more possible to raise the saturation magnetic flux 
density Bs of said soft magnetism layer by using the electroplating method which used pulse 
current. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The expanded sectional view of the thin film magnetic head showing the structure of 
the operation gestalt of this invention, 

[Drawing 2] The expanded sectional view of the thin film magnetic head showing the structure of 
other operation gestalten of this invention, 

[Drawing 3] The expanded sectional view of the thin film magnetic head showing the structure of 
other operation gestalten of this invention, 

[Drawing 4] The partial front view of the thin film magnetic head showing the structure of other 
operation gestalten of this invention, 

[Drawing 5] The fragmentary sectional view which looked at the thin film magnetic head cut from 
5-5 line shown in drawing 4 from the arrow head, 

[Drawing 6] The graph which uses the thin film magnetic head of an example, and the thin film 
magnetic head of the example of a comparison, and shows the relation between a record current 
and OW property, 

[Drawing 7] The graph which uses the thin film magnetic head of an example, and the thin film 
magnetic head of the example of a comparison, and shows the relation between a record current 
and PW50 property, 

[Drawing 8] The graph which uses the thin film magnetic head of an example, and the thin film 
magnetic head of the example of a comparison, and shows the relation between a record current 
and a NLTS property, 

[Drawing 9] The fragmentary sectional view showing the structure of the conventional thin film 
magnetic head, 
[Description of Notations] 

1 1 Lower Shielding Layer 

12 Lower Gap Layer 

1 3 Magneto-resistive Effect Component 

14 Up Gap Layer 

15 Lower Core Layer 
18 33 Gap layer 

19, 21, 31 Insulating layer 
20 38 Coil layer 

22, 30, 36 Soft magnetism layer 

32 Lower Magnetic Pole Section (High Bs Layer) 

34 Up Magnetic Pole Section (High Bs Layer) 

40 High Specific Resistance Layer 

41 Protective Coat 

42 Up Core Layer 
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DRAWINGS 



[Drawing 1] 



[Drawing 5] 
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[Drawing 3] 
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[Drawing 7] 




[Drawing 8] 
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[Drawing 4 ] 
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[Drawing 9] 
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[»#5l3] fillE&HRri. N i Fe^i. N i . N 

stifcttEftftasraett. tm^^m^m^smm 
mm^y h. 

t. me**- y -rm tvmm&znzmtmom&m 

m&es&B s B s JRT&SM&S 1 & V» 4 

O^-ftU^KieROlVnKfE^v h. 

EfiH^£0»I*fflW*S/W h2f|fi|fci!§tf3*SW#l* 

•^y K. 

sr&q i &n i/ 6 wrtifr izmmommmn.^ y 

Ho 

[B£g8] ±&37B<hTgfa7B©/>fc<£=&- 
3ErTtt, tt£tt^B£ffiEffiJtffi£iB£#V Fe«S 

fflBttBttB® F e Sjftt, gjteattfifitJI.C!) FeiiO 

[»f*89] ^ttB&B£tt£ABsB£tf. Fe 

•3. ttEKBsBOFeStf. ii3G&GBttB©FeM<fc 
0 t>3^>»#JB 5 3- fctt 6 icGftcoff BRBS^ -y Ho 
[at 1 0 ] «E±ffl3 7B&tf /SfcteTSSn 7 
B£*j£r3ttE'fc«ttB. .ffiE8ltl&.nB. fttfftE 
-ABsBa>554>&<£fclBI£. aricS*«. CoxF 



0, 60^Y^80. $5^88 6^x^9 2. 8^y 
£147$ 9. x + y=l'0-0a5H»*«tt«att 

WmM^y H. 

1 1 ] tm±&3 7MRU/3L 3t«Tg537 

B*»rirr5WEtt«4B. WKiisitefixB, Ro^Haia 

SSB sB©5%^<i: ! blBtt. Co,F 
e y N i z T^$n, ffl^Itx, y, z R*%T\ 
0. 1^x^15, 38^y^60> 40^z^62, 
x+y+z=100 &5'W»t«fc11ltBtttmT?*)« 

^n^iti i an u 9 co^-rn^ttBK©^^^ 

BWKB12] |»E±a37BRtf/*fc»4T»37 
B£#i&T-5H&Etfcffi4B. ttEffftififf.B. S^hSIB 
KBsB©354>fc<£<blBtt. Co,F 
e y Ni 2 X, Gt£U yzmxit. Mo. Cr, Pd. 
B . In & 3K£nfc*l>ft < i *> 1 SSfctt 2 &£U:<Z> 
SS) TiSn. &j£Jfcx, y, z, wfl», ff»%T\ 
0. 1^x^15. 38^y^60. 40^zS62. 
0. 1 ^w^3» x + y + z + w= 1 0 0 ft^SSSSI 

fc-maHttmx^sn^^a 1 u 9 ©ntn 

^(cEitOi^iifiBEgA-y H. 

mMB s b©3>&< tfe-^fcftffl^nsitfl.i 

1^1 2©lrVf*ia*{cEilCDS^K^'\^ H. 
[«*B14] B9K±a537HK^/*ifcttT^=r7 
B£^fiE-f£i!&EtttaEttB. ituEililfcfifiiB. RtfflMB 
jKBsB©5-64>&<£fclBtt. &j£>tft. Ni x F 
e,TS;Sn. ififiSJtx, yjWrfXT?. 10^x^7 
0, 30^y^90, x + y=l 0 0&-5Bl^^fc-r 

E*©*i«8^^y H. 
[gf&B 1 5 ] «>E±«3 7BR^/Sfc«Tai537 
B*»riE-rai!9E«:«ttH. WEiSlfcfi^B. Rt^fflE . 
itSBs®©5-£4>&<£t>lBte. ffl^S^, Fe a M b 
O c (fcfc*b7C^M«, Hf, Zr. Ti, V, Nb, 
Ta. Cr, Mo, Wfreatfn&ia£A:tt2S£(± 
®5c$) T'^^tl, ffl^tfca. b, c*«. ®?%T*. 5 
0^a^70. 5^b^30, 10^c^30. a + b 
+ c = 1 0 OfcSH«£»fc-ra«H£ttST#»fcatt* 

mxm i &ni 9 <D^-rtiMzmm.(Dmmm^y h. 

[»*JB16] BSEftfiSffiTOtt. HSEiiSitfiKBtC 

fejuan5*#Bi 4*fctti sicEKwSRaa^y 

Ho 

C»*3H 1 7 ] WEi«Jt}gfiiB«, ffl^TC^ <h VT'P 
ft<t!>Nl, F eRUN^mh. Vfr*>¥-i$1&M>%L 
Stt8 0AaT?«Q. S6iCFe(OadcH:«t'3 0ltfi 

Lscxro-rnA^EttoffiigBS^y h„ 
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m#m 1 8 ] MEHmmmntma+iimvum. 

s (Ra) «i 2 ok&TT&zmxmi 61&m<DBm 

1 9 } mm&it&mmiz. as^N.i x f 

e y NbiT^$n, L^fc&J&Jfcx, y, zjWSH'X 
*C. 76^xS84, 8^y^l5, 5^z^l2, x 
+ y + z = 1 0 0 ^5H«^^fc-ri>:ai±#^1?^fig$ 

n<5M#ji i &n v 9 ©t»i*n**fcE*©»WB«^ * 

cs*«2 o] mmmiti&tfimit. NiFep, 

liFeNi PNTi?j&£nS§if#Sl&^L9©<rVfn 

[ffl*W2 1] ±S8371Rtf/$fcttTSI5n7S£ 
^T-5iHffi^ttl*fc«S9EiiSB s gfi, SfifciS 

Co x Z ryNbzTT^Stl. fafcltx, y, z 
Hff^T, 1. 5^y^l3, 6. 5^z^l5, 1^ 

(y/z) ^2. 5, x + y+z = l 0 Ql2.2>m&Z:ffi 

tz-rftm&ttm-v&f&znzmxm 1 &nu 7 ©^rn 

jfcfcEfcWWWBJSAy F. 

30*. Co x H fyNbiT^Stt. m^itx, y, z 
K-f XT; 1. 5gy^l3, 6. 5^z^l5,' 1^ 
(y/z) ^2. 5. x+y+z=l 0 OfcZ>m&£ffi 

tz-tim&wfr-zmf&znzmxm 1 &n u 7 ©^-rn 

*>eE«©MMBft^y K. 

"r*«tttt»T?»)««nsii*B 1 & i/ 9 ©urna* 

£Eft©lfMBft'>.y K. £l£#©F e t. H f , Z 
r. Ti, V, Nb. Ta, Cr, Mo. W*>&Xtfn 

fcia*fctt2HK±©jc*Mt. ct£^ru mm 

0-nm£(T«)ttiniSAT«]$$n. 5^fC. S^M(Dk 
flftf©¥J9IMM&g£d. Fet=&«»t-r*19a«© 
¥J^IS*ttatDtl/fc«^t. *©Jfcjs (d/D) 
'V. 0. 05Sd/D^0. 4T&9. 
a^tiFexMydlf^Sn. fetfjtx, y, ztfiM 
WV* 50SxS96, 2gy^30. 0. 5^z^ 
2 5, x + y + z = 100WB«*»fct. 
M$8 2 4] ±»37i»tf/*fcli:T»3 7® & 

j?&?£ttEttBttfl$fciittEffB s m\t. UTtz^ 

£Eft©19ltBft'\9 K. irt»©FeRtf/$fcttC 
o©7C^Tt, S l&tf/£fctiA 1©tcXX£. T 
1, Zr. Hf. V, Ta, Mo, Wfti&StfhfclJl 
*fctt2«K±©7C*Mt,- C&tf/*fc»iN©5c*Z 
t. Cr. Re. Rh, Ni. Pd, Pt, AuA>6S 
«tlfclS*fc«2att±©7C^Q<i:^#Wt. mffifc 



tLTfcfc. F eS^/SfcliCoS^tt5iglffi 
t. >B*M©«ft*Xtf/*fc»«ft«©ISa«t** 
U £#t UT«¥i%*$*ttff*»4 0 nm^T©«SiBB^ 
llT*l$j£$n. $ etc. 5c*MORft*Rtf/*fcl*a 
<fc*©¥^»fittS&d . FeR^/SfcliC o 

tt^ (d/D) rt*. 0. 05^d/D^0. 4T$0, 
^SCfiTaXbMcZdQeT^an, ffl^ita, b, 
c, d.'-etfi&f-XH* 0^b^2 5. l^c^lO, 
5^dS15, O^e^lO. a+b+c+d+e=l 

^-rsMG«tBttll$^«MG»Bs)ia. fiCFK* 
?ttttttimT&j£3tt£lt$9( 1 &<r>L 7 ©t>?n#> 

izmmommmn^y h. ±j£#©f e c 

o©7C^Tt. Sit. Alt, Zr. Hf. Nb. T 

a*^stfnfeia*fcfj2aiw±©7cmMt. cr?* 

/£fct£N©7EXZ&. Cr. Ti. Mo, W, V. R 
e, Ru. Rh, Ni, Pd. Pt. AufrZMittllt 

#4 0nm«T£fcS*ia»lSk:. 4>&<tt>S i 

iHj&itfctTaS ibA lcMdZeQrTS^n. i&J&ita, 
b. c. d. e. f j&tgl^T. 8^b^l5. O^c 
^10, l^d^lO. l^e^lO. 0^f^l5. 
a + b + c+ d + e + f = 100 fc3BW6*Jf|fc-r. 

at*, n 1 i-xf exT^an. ¥J$ti&tM£fi. 1 0 5 a 

«TT&0. Fe©i£fifcifcX{i. 6 0JtS***&9 0K 

a%©igfflrtT*5©:m4^-e^an?)g[j}e« 1 fc 

[M$3 2 7 ] ffiEttttttKORiSO^^IilT^fid 
(R a) \t2 5 AaTT*-&«*«2 6fB®©^^ 

v y7mtz<D**y7mizmt!r2nrzm<Dmmm&ft 

'>^<t ! b-^©^Ka7®£^-r5l©{c. 

*> F e . N i R«Nt*WUfc«:«tt«»*«faSH--5 
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[»#H3oi WE73 ux, x&v 

>>?73> (EDA) . vIfl/>h'J75> (DET 
A) . hUX^U>y"byS.> (TETA) , 7?-> 
(Ala) . *3HttiW*5>* (Gl u) *i&m 

B£N i - Fe&iiTWb. u<D £t*filjEN i - F 

*r*»*a2 8tt^u3o©t»rn3j>KE«©»iBB 

m#m 3 2 ] MG^KOII 1 0 5 A«T 
£U bfr&Fe©ijfiJ5£itX£. 6 0 JtSXft* & 9 0 It 

*%t»»«-*i!#ji3 i EftaWKBA^y hoks 
•m. 

IMfOH 3 3 ] ttEd*R<DRB<D4'<b*ra&£ 

(R a) $25 A«T-ejgjrr5^^3 2£lt®l§R 

[fS9I©PiHB&I&9!] 
[0 0 0 1] 

BWIOK-rsScilBMffl *R9!I*> «Atf/\- Kf-r 
[0 0 0 2] 

[&*©&*&] 09 «e*0ii^A 7 K5ia0!i 

[0 0 0 3] u©I«A7 Ft J, »a*ffl©-f >^ 

*T«K:l«**0fflOMR'\y FtfKJft3nT<r>T<b£ 

[0 0 0 4] H9fc*t1flWl»4, «-7a-f (g&iS 
ff) &£©R#©Bte*TOT»J«SftfcT*:i7JiT-* 
5. H9C*TJ:3fcittET«:3 7Jil©±fctt. 7^ 

*y7M2 ±»c* «K 3 F *fctt Kmc J: 0 

[0005] mmmmm3<D±Mt. t&Mfttu?>£? 

E3-fJH4ttCu (ffi) fc£©m^tf£Ji©'h$^#t8 

tt»«mT*«snTt>5. *UTi»E=w;Mi4tt 

3 F*fcttl/5?X hPTMSnfcIWi 5 

sfrtt. ^E«e^® 5 onyt-va-fftscitttm 
£ ttfc ±S53 7« 6 tut y 3 nx H 5 . 

[ 0 0 0 6 ] H 9 tSTJ: 3 fc. ME±«3 7Ji 6 tt. 

*<o9cMM6 aimmmttvimE (abs» xtsb 



3 7HlO±fcttE4 £ ir.yyi2*^LT«filb. ffl® 

mmzmmmRz$-z.zmm** ??&g i 1 ©«»* 

t-y^MSntl^. SfcStfE±gl5=i7S6©S^ 
6 b tt, 7« 1 Kl«jSWlcaa*SnTV»*. 

[0 0 0 7] 09fC^-r-f >yCy-^^^y FX'te. 3 
•f;PB4fc*n*EMMtRK:J;-3T, ttEn-OH4j&» 
5±SB37S 6RCTFgP37S 1 fcfi«BIW«#*.Sft 

±tf3 7ff6£©!RTC©tt*U8Jtt:<i:Q. A— Fr-fX 
*fc£©E*^K««flMMtE*an5. 

[0 0 0 8] 

»«f*ft • *E*«»ft{fclC#t^ »H±*3 7«6 0!) 

-5. 

[0009] tfcteStpH. ffiHilftttttk:*t*s»«tt 
»**«i*s-&*fc»K)&R&««»ttTr**3&t. ike 

±»37I6CN i Fe££*ttfflTS«£, Aft 

EitgStp«5 0 u.Q • cmtflEl^ofc. 
[0 0 10] ^©fcJ&ifcfc&jWSffi&A v FTtt. »A 

fc. 

[0011] ftttftB$&ftB s (4. E&&££ 
[0 0 12] LfrU&tftS. JgBS&Kft; ♦ &K»Jifl£ 

scfctc»^tg^^it©^^fia«u8^^B s £=rrs 
«tt$mx ±gP3 7B 6 *j»arr n«. item p as 

[0 0 13] igtC. Kt»lfcJfittp*#r5«tt*f»T± 

«3 7«6&»jdrrntf. «»««*«Bs**a8* 

[0014] *fc«f*-C«0iJA«^faa^gB s Ctt 
IU &©«fc5fc*ifi©«W^^vF , b8913nT^ 

[0 0 15] -r^t)^09lC*f±SI53 7H6$21«| 
jgCU 2 K»|Srr SHOJifc, iK^fiSltt 

***Bs&*rr*»Bs«*E«U tfDEFOJiC, f£ 
^SfiMSnTViS/^-TD-fBt (N i -Fe#4 
«t) £BE§LT> *E»«flEftk:**JSUJ:5fr*tt* 
*«ftSnTl>5. ^*5TS537®1«. A— TD-fK© 

[0 0 16] ±»37Jl6©jfe««6a*>6T«37Jf 
1 Ciai^T364-r5E»«IHi. ±S53 7S 6 ©5feS^gii 
6a©m, 4ttc:^-v<y7 p «2tCifi^g|5^ef!4-r 
5©T. *^y^J12t»|Sl-r*«t. giBsl^^Eg 

4«©*E*«Kftt*t«"IttT»4t#A6 

[0 0 17] L^L^€>, ±gi5n7@6$2ffl«jttr 
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*fc±E©«jfc-ctt. mm±.^7m6^n--7a^m 

<t\zG®tt.mmiz. **y7&ffiz&^mmmRzm<t> 
s^^tan?*^ e>n. ow u- n-n 

[0 0 18] ££7?. NLTStlt 09t;i7KT37lf 
1, 6B®««*lryyT*±r*E««J|i*». EBft 
(ttCtttttcEBd nfcB&EftflH?ft> 6 y KflKffll* 
T»ttSn3ESK#©#»SSW\ #Kjgttft£&£ 

£ tTfi-rftffiit*© ItTSS. 
[0 0 19] SfeOW h) <httM*a»^ 

©JltT&D. OWWtttt. *r<£HSET?E*SU £ 
afciiSJifcTfi*a»££U -?-©ttffiTffi«Sre©E& 

[0 0 2 0] SSlc, ±»37JB6£2JMBfifc:U ¥ 

fc* * y 7« 2 JCjttlSj-T'SfflwafciiSB s 

[0021] ■*f&mu±ie l tt<mm i &M&r*ittb'<D 

fc©T&0. ttJr±&37IKRanFS3 7JI©fll£^. 
[002 2] 

±8B37/f<h, WEW371fcEtt8fffc.#**3-r;i«' 

' '©mE37jitt, ^att«<t. iWBnTJioTiifiiaac 

£©*&<£& 2jre#issnT*!>. m&wcxmm 
«fc o *j»ifcfitt©«ttu»T»ia* nr 

[0 0 2 3] *SWra*±E©«fc3K:, 2l>& 
©3 7JfTtt, M8ttfl£. ii&E3 7Jl©TBii&tf/* 
&tt±ii»c«lJIStifcKltJfiJfWt**rbT^*. £ 
©fc#. EMgfttf±fH"&£&fcJ:'3Tg£T£* 
-Br 5 ut^f, ^K^JftEflkHKftflsIc 

[0 0 2 4] ft:fe±E©<fc?t;:iiiifcJgfiiJl£, 3 71© 



mmzM&z-rzm&it. m&®mz&iTMnmm\z 

l»E3 71*BiftiEfc:»£L*T^ST**. 
[0 0 2 5] SEfc**WTtt.- MEftJtJ&ttJIttU ±g& 
3 7H©±®Wc^!ttSn. MEKftl£StJI<iE)±«tfiyi 
RT«to*lT^*J:t35«»*H4. ffiEftftffiftll&ft 
WRK«koT«5aft»4. flftEftJtffiKJIttSf*. JKH' 

ttJi©t«i«SI»ih-t'« . nEiKJt&ttJI©8iB£g 

[0026] ft«ttE«HKtt. N i Fe^, N i , 
N i P^lC<fc-3T#d63ft*££;&*#£U^. 

[0 0 2 7] *fc*58WT»i, ttEftttJ£ttJII& ji9E 
±S&3 7*©Tffl&tf/*fcM#ETB:3 7B©±iBC 
»*anT*0. ME±«3 7BRtf/*&tt|»ET» 

3 7Hic»i«snfci»Ei«itflaftJiti. Mfii^t y 
[0028] mrffifis^^^tc^THaei^fieiH^ 

tttTS. &£ttEftttffittJi#t±&3 7B©±i5&S 
t>ttTtt3 7B©T9£&l£3n5«£<c:U:. ±85©«fc 

[0 0 2 9] ££#%9mi. B5E±&3 7JI&tf/£ 
fcfJTS53 7Ht. iltE4=iry:/Bfc©ISHc»j«Sns 
ttEtt©B&Bf±. i»E37li«^f£r«]»E«aSttB 

[0 0 3 0] ^©0li{CJ;O. =P+y7jfi»T3Sl»Eil 

[003 1] Sfc±E«riE©«£. WET«37B©± 
(C»4. l&BBtfBl&Sn, ^©IfiBBfctth^v*** 
lfttMI»S«lttJLt?E»li#t©#l^iB^6/N-f h^rlSj 

Kfii«*»«3*«»riEsnT* o . ^ ©partem < t 

"b ffiEft B s H t flUE^ y 7m HfiJ»& 3 tlT H 5 £ <t 
[00 3 2] ±E»l«T»J«Snfcl»it«»'W Ftt. 
fcf. F?y*«*l. Oum&T, $?*L<ti0. 7« 
*Bslitf«#»as*iS££T?, EBa^SiO^y^ 

[0 0 3 3] *fc*»WTti. ME37Ji«»J«r*W 
E^ttS«, ftSEi§!Jtffi$x®J: 0 <bftfr>ftl&B*ftft 
Bs^WLTt^^i^jff^t^. dnHiO, ^-V<y 
yffi»lcE»«»**»t>S-e*it*«"Tf*. ^«©KE 

mmmitiz^im^mum^m^y Htwarsct^ 
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[0 0 3 4] £fc#3S9§Tte. ±®37mtTU37m 

<D'j>tt< tb-xnt. iam&m&mtmiftit&mm 

[0035] uttftWT'te. Mmfcm&mtwiszusB 
s m f e *<stim CKmv&fr&fr&am&tift 
x-mm^nx^r). ii9EitsBsB©Fe*&t. mm&rn 

[0 0 3 6] 31C0<t-5tCFel:^<-r-5t. 

BttB, ffitB&ifcfifiiJf, RrmEiitiBsB<a5S'>& 
<<hfclBfi. ffiBfcittf, Co x Fe y TS$n, i&ffcit 
x, ydUHFXT. 2 0^4 0, 60gY^80, 
»5WJ8 6Sx^9 2, 8^y^l4T&9, x + y 
= 1 0 0^^§|^?£«|fc-r!Dcatt#^T^fiE$tl5C<i: 

[0037] *fctt#^9rm. mm±.$>37m&v/ 

mm. S£ffi&CitSBsB0>5*i4>fc:<<h : £>lBtt, HUE 

CoxFeyNij-C^tU 8U£Jtx, y, z 
**. m%X. 0. 1^15. 38Sy^60. 4 

[0 0 3 81 ££Kt£*3g9rm, W£-h^3TBR^ 

StiB. Rtflifte&BsB©554>&<.i: ! felBtt, ffi 
j£j£at. CoiFeyNhX, (fc£U 5c*X«. M 

0. cr, Pd. b, i nfrt>minrz'j>fs.<t'b im 
%.tz\%2nnk±.<D7tm) T^$n« a^jtx, y, z, 

w*t. nM%X. 0. 1^x^15, 38^y^60. 
40^z^62. 0. l^w^3, x + y + z +w= 1 

oo tj.zm%zmrz-r®mmnxi&f&i£nz> z. ttm 

[oo3 9] &£±s©;fiBtttmtt, memmmtm 

[oo4o] *fctt*5fiw-ett, ®u±.w>-37mms/ 
£fzi*T&^7m$:&i$.-rz>$immmtim. umbmom 
mm. RisimmmBsm<Do*>4>t3:<£bim&. 

j£#, N ixFe/tr^n, ffil&Jtx, yfimirtiX. 
10^x^7 0, 30^y^90, x+y=100/i5 

[0 04 1] i(IB±gg37SSt// 

£tzi*T®37mzj&m?zwimft.m&M> mm^itts. 

mm. &^l3!i5Bsl©5^'>^<i ! blS«. SfiK 
Sto*, Fe a M b O c Cfcfc'LTG^iMtt, Hf, Zr, T 

1. V, Nb. Ta, Cr. Mo, Wj^SStfttfc 1 « 
Sfett2S«±©7C^) T^Sn. &fifctfca, b, c 
^. E : r%T.'5 0^aS7 0 1 5^b^30. 10^ 



,c^3o, a + b + c = i o otzzm&&mtzT®.m& 
tt®x&i$.zti% z taws, b i>. 

[0 0 4 2] &*±Ett«tt*f»tt. &ttJgftBtCffi/ii 
^TU L^t>¥^S^gtt8 0A£ATT*D, 

i:Fe cosfifiEJt^ 3 o mm%&,±x'$>^m^mmxm 
f8.ztix^2>z.ttfitf-$Lis\<K mzfrm 

ftW©iIffl+iW8J (R a) ti 1 2 0 ART 

[0 0 4 3] *fc«*^Ttt. MffiiiSJtJgJnBte, & 
e£i£#N ixFeyNbzT^^n, L^fcifij&ifcx, 
y, zjWBffare, 76^x^84, 8^y^l5, 5 

^z^i2, x+ y +z = i o otezmmz mtz-fftm 

[0 0 4 4] ££tCtt#389!T«, Wi2i^tt}£SiSfi, 
NiFeP. JitliFeN i PNT^$tl-5^<t*W 

[0 0 4 5] Ws2±gi53 7SR^/* 

&^&37B£E^-r&B&e$H8lftB, JgBsBtt. 
ffljfeW^ Co,Z r y Nb t T^$tU SliSltx. y, 
z#*. gB^X. 1- 5^13, 6. 5^z^l 
5, 1^ (jr/z) ^2. 5. x+y+z=l 

[0 0 4 6] £fctt*3g9§T«:. BttB-t&nTBRtf/ 

BsKt m&jZiP. CoxHfyNbzT^n. 

tfcx, y, ztf». ffpXT?. I. 5^y^l3, 6. 5 

^z^15, 1^ (y/z) ^2. 5, x + y+z = l 

[0 0 4 7] *fctt*%WCtt. WI2±a53 7BS.^/ 

B silt •«TKSrfcBttttf*T#J«£ttSi£**# 

- *bl>. 

[0 0 4 8] M»(DFet, Hf, Zr. Ti, V, 
Nb, Ta, Cr, Mo. Wd>Sgtf*U£ I8*3ttt2 

a«±©7c^M<t. cts^ru BisidEtUTtt. f 
d , f e trs»fi«©¥^isfi<as* 

Dtbfc«^-JC, ^(Dtfc^ (d/D) 0. 0 5^d 
/D^0. 4T*>0, fflfiK^iFexMyCt-e^Sn, 
M^Jtx, y, z*t^%T, 5 0^x^9 6. 2^y 
^30, 0. 5^z^25, x + y + z = 100!i5S 

mzmtzt. 

[0 0 4 9] *fc»4*56WCI4. WIB±S153 7lSU t / 

* fcttTSBn 7B ZMfo? z $im®.m&m £rz\mmna 
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C0 0 5 0] 3Lfcft<DF emS/*.tz.\ZCo<DnMT . 
£, S i Rtf/$itz\ZA I OTt^Xi. Ti, Zr., H 

f, v. Ta. mo. w^as«nfcia^ctt2a« 

±<D7C^Mt. CRtf/£fcfiN©7C^tZ<b, Cr. R 
e, Rh. NL Pd. Pt. A-ufr68«Mfcl&£ 

tzH2msk±.(DjvmQt^^u mmfctisTK. f 

&il&g£d, Fe&tf/£fcttCo££j£#<!:-r-5*S 
Hffl©¥i9£IM£g£D ^-©tf:^ (d/ 
D) 0. 0 5^d/D^0. 4T&0. fijfcifcttT 
aXbM c Z<iQeT^S*U W&ita, b, c, d, e# 
0^b^25, l^c^lO. 5^d^l 
5, O^e^lO. a+b+c+d+e=l 0 0&5K 

[005 1] *£tt*5fi9!Ttt. i(ia±gl537HR^/ 

b s m\*. &T\znkT®.m&ttn-c&!$.2tiz> c tag? 

[0 0 5 2] ±^C0FeRCX/^^(iCo©7C*T 
£, Sit, Ali, Zr, Hf. Nb. Ta*6Itf 

tut i as fctt 2 aet±co5c^M.<t. c&of/*fcttN 

©TC^iZt. Cr, Ti, Mo. W, V. Re, Ru, 
Rh. Ni, Pd, Pt, Aufti&£tfnfclS££:tt 
2S6U«)7C*Q'£*£#U MMEibTtt, 5E*T 
*^»tT5#*a*«Jfi©¥i&tta*Stff*«4 0 nm 
KTt«:««ISft«k:. 4>ft< tt>s i **v»ttA 1 
tc*Q*«H*U <3^lCttEftMiaffiffi©&Jtt:#r 

WU S^ttTaS ibA lcMdZeQf-C^^n, jflifc 
ita. b, c» d, e. f*i^%T, 8^b^l5. 
O^c^lb, l^d^lO, lSeSlO.'OSf^ 
15, a + b+c + d + e+ f = 1 0 0&3Nff£fffc 
T. 

'•[0053] $ SCfcttSfiWCtt, i5^±aJ3TS&^ 

sill l&JdHW*. Nii-iFexTiSSft, T^Ufi 
gtt, 10 5AOTT-&9, Fe©tt/£J£Xtt. 6 OH 

*l<5£ijWfr3:U>. 7S*3C1<D«^ H&gB&&ffig£©0l 
B©*'L>^¥^ffi3 (Ra) tt2 5AKTT**it39« 

[0 0 5 4] **y7m&St\,Xim 



©£€T. Fe-ftX Ni-f*>«W1"5^y*»ff 

*>F e, N i ftzm&^L£ft^tm&tfttt£-fr£ 

£ £ (C <fc o Tfi&f BiSJ Jt JfflnB £ £ <>: £T 

•5t>©T-&-5„ 

[0 0 5 5] *3eWTtt» ©MimOiia/^csfti L 
T, &ft£i§3 F eKZ/N i anc, fHHTnsfttLT, 

#&si7c?st-c&3N mm) %mm-rzznz£ir), m 

[0 0 5 6] $fc*5B9iTtt. 8tE^y*»+©pHS 
1. 86lTl:«oit*«JirSl/k JW3*3W!Ttt. tt 
Etsy LT. Xfl/>-;73> (ED 

A) , yIfl/>h'J75> (DETA) . h'Jlfl/ 
>rh75> (TETA) , 77^> (Ala) , $>Z> 
Htt40l/*5>« (Gl u) ;4^1iittt2iK±S 

[0 0 5 7] £fc*§g9iTtt, M<t%-*0371 
©jt&FS©:GBttJI£N i -Fe^lTML £©££ 
iENi-Fe§MJ. /WX^S^ffl^it^*^ 
=H£tC J: D&ritfS H t»J LH. 

[0 0 5 8] ±£©J:5C/'UI'Xtttt£m*fc*ft;(y- 
tfttit), N i - Fe^4S^y t»«T5t, ME 
N i -Fe£&©fift83M5ftBs £ffl±3-t*£££#f 
*UT**WCtt. fl&6HK£&ftBs©At>ffi 
EN1-Fe#46. WBttH£UT«eJHT*££lcJ: 
0, ^©AEflMftfteftJOTflBfeffRttft^y FS 

[0059] £tc*mm~cit. ne^M©i§Atts« 

10 5AOTCU Urt"bFe©&j£i£X&. 6 OK* 
%ft*5 9OSft%-?j£rirf£££;0tff£l'<. SSKhJI 
Ed*R©Rii©«t»*il¥^aS (Ra) &2 5AJKT 

[0 0 6 0] 

[%9i©£tt©JH&] 0 1 f J*58M©^lig^ffi©^^ 
1^7 H**-rt»©T*0. GAieff©»|niM^6^L 

[006 1] 01 C*r»flB8»^y Ktt, r?±SCA>y 

fct>©Tfe0. R4«OMRAyHhlt. E^ffl©-f 

k h 2 i^ssnfc^stf Mam 

-f^f-fAy h*©*-e«lfi£$nT^T i t)J;^>o 
[00621 01 (C7S-r#*t 1 1 tt. *«tttt»H©T 



i 
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ilt:liAho 3 (7)is.i-) fzEoftmitt 

m\z& k> MfctsntzTsi** y ?m 1 '2 aii«*&*iT<r> 
auwisnT^s. mmm.%mm^.m : f-i 3«. am 

[006 3] Ml <fc o fC, WfB±^^ * y 1 

7J1 1 5ttttB&4raiC.J:oT&j£3nTfr>£.' 
[0 0 6 4] SfcSSIBTgCaTHl 5H, H10>«1:5£ 

v Kh 2©37JitLTaM&rs^T3tt<. MR'Vy 
H h 1 W±gSv-;H-*Hi 

[0 0 6 5] HlKj?r±5t:. T«37I15 0!)±C 

y^S l 8±tcHu #U^SK£;fcttl^Xh*mSI© 
$gigtjl 1 9 £;frbT¥SW£«iSE«t<hfc5 cfcofc/t*- 
>^$nfcrK;Wg2 0#K**5trO«>S. £43. itij 
l!3'f;H2 0liCu («) &<i:<Z>«^|gift<D/]N2<r># 

[0 0 6 6] tai23-f;PB2 OtttflKS. H* 

fctti/5?x htt^T^snfcj^g 2 1 izm^tu m 
sz&mm 2 1 <d±xz. 7142 «snt^ 

-5. 

[0 0 6 7] Wie±g|5n714 211 BtttfftfcJ:-3T 

2<D5t«gC4 2aH =£-r y^B 1 8 ZftbTTUnT 
M 1 5fC*t[oJl>Ti5D. ^6tWK±gUa7S4 2 OS 
*ggB4 2 btt. Tg?37S 1 5 fc«g»K:«KSftfctt 

[0068] 01 t^T*igCS|T«. BfifEigfa 7H 4 
2tt, ittBttlI2 2<D±fflK, igtt|gftxJl4 0»&£ 

mrns. H>(aiiSJtsfiig4o<Dit®fcxptt. tM8ttH 

-' 2 2©Jtffiftp<k9&&<fcoX^3. ^<7)«t5fClfem 
v ttS 2 2 JiKitSftJglftll 4 0 3 £ <»: T*. IB&Jf & 

*lsTjnEffitfttM*e&<fllctitt3 

[0 0 6 9] &tcmm&tti&&im4o<Dmmh3i*. 1 

jim£tTTfe5CtWSLH. £fcitljfBBtt:&tftS4 
0 <3g*lgSJSte, ±gpn 71 4 2 Olgjf ± £ 

jW?* U>. SfefcinffBiSitffitftlf 4 0 2 2 i 

«)KmSS^t>-e-fe^lii?«, 1. 5fzm£U:5. 



[00 7 0] ±E©£5t;:imfc&iftJf 4 0 

fi^<&05^<*:^nI^-Cfe5. *fc£IfcJgJnJl4 0£#; 
m&m2 2i©*£WH&±E®«HrtfcU ^<7><fc£ 

C. 4 J +v^#-CE»B#S&«1 , a-&T. AE8&& 

[0 0 7 1] *!McfeWTSiiWB»lfcfflfiJi4 O0M 
1ft pfi, 6 0/LtQ- cm£A±l?S^c:<h^jrf*Uli. & 
*HM2i«itfilftB4 0 £ UT£ffl«Ifjg&mtttmicr)lA 

[0 0 7 2] SfcH 1 IC^f <fc 5 K. ffiEKItl&ftS 4 
0±Kf±, «WR4 1*«»»t6n, mJlBi§iitgSiJl4 0 

(Dm.mmmum.m4: 1 fc«fct>T«*>nfctt«ic&-3T 
us. 

[0 0 7 3] £©«fc5Cfl*EfiaMB4 1*RftSS* 

*Wftlft**«*0, £©&*ttE»Jtfittli4picotf 

81^4 1 tdtt. N i F e Ni, Ni Pm&&M 

[0074] *&*36WT*±. «i£#«Bte» 2 2 ©^W 
i^3feSSB s (ifPJ^ttffiK^ 4 0 ©^SJfB^S^B s 

[0 0 7 5] ^©cfc5JC. MVcfflKmA OctDfe^CJKtt 
M2 2©fiSfPJS^SB s SritKTSd-tTr, 3-fJWi 
2 0*^TgP3 7Sl 5Sy:±^n7S4 2izmm^n 
&E»B»*». E®«i{*:<«:©»|S]iB (ABSI) 
T. ftb>ffi&&3|gi&ftBs&&?£±S:i:rJS4 2£T 
IK37H1 5<h©P B lT, IBgtiS^^L. J ^-r</feS„ 

[0 0 7 6] -€-LTiWB±a37Ji4 23femF»a7ia 
1 5tt. ^f;7"Il 8t^|fijLT^^nTt^fc 
ft. WE±an 7B 4 2 <hTSi5n 7115 WTSE^TS 

S-«r5Ct*«-C#. ^©»E»««fct;:*ft£-r5££: 

[0 0 7 7] ^<D5IJg{«J-CHTg53 7ai 514. 
tl^^nt^S. i[fBTa537Sl 5tt. itf^U^J; 
3lC> itCMR'v-y Hh 1 ©v-;P K^tbTf^ffl-T 

a«tt#»T»«-rst. WE'>-;uH«ifeft««T"r* 

[0 0 7 8] WfB->-;U HMiea. K«ffiSB»**f 1 
3TFI**nfcE»fll<»©/'fXS«»S-&*fc»lC)& 
S^SS^-e*^. -tUT. WE'>-^H««B€l«I±Sia: 
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5. 

[0 0 7 9] WI3TS153 7® 1 5 <D&£fettB£tttt t 

[0 0 8 0] *fc«BWfc*tt*T*:S7Ml 5&tf/ 
[0 08 1] ( 1.) *T » fKBttJI 2 2 ^AJtffitfW 4 

o <ha<, f e U5c*©ft*^to*a)«:«tt*f » 
TMSnsl^. MG4kttttM2 2 0PeS«. MG 

[0 08 2] ^tltcJ: 0 2 2 <Dfi8U83MBft B 

s ^ttfifitS 4 0 0>ffi$H83E&£B s ictt'CTK* 

[0 08 3] £fcTg&3 7Jf 1 5 fctttSSttB.*:. ffim®. 

m&m<D±mms-/& £»TiB(cKJtffi&iJi4 o tm» 

fitimfrm&m(DF emit. mm^iti&Sim 

4 0 0) F e Met 0 d b 
[0084] ( 2 ) ±g&3 7H 4 2 Rtf/* fcttTgfn 

7S i s ^dtr^ftettJB. &itt&mm4o<Do%'p 

7i<tt)lStt, IBJA^; CoxFey-C^ti. b* 
fc&J&Jtx, yjWiH^T'. 20^X^40. 60^Y 
^8 0. 6^x^9 2. 8^y^l4"e& 

0 . x + y = 1 0 0 fcSP«««fcrft«tt*f»T?»riG 

[0 08 5] ^©KKttW^a, Ni-Fe-Nb^ 
«t 0 feAt>fl&RUBjfteKB s Rtfitgln p £W bTii 

fc£fcK<riffiftB$%KB s £&££-r&Ji&=i7Jl4 
2 &tf/£fcttTg&3 7H 1 5 £*j£-r**t«ttH£ b 

*CKfr>it«ttp *£R£T$*Jt«ttJI4 0 <*: bT<£ 

[0 0 8 6] fcfc'l^aWCtt. ttGtttttttmtiU ffi 

^finsjKffdEB s s*str*WEiiMBHtituT«e 

[0 08 7] (3) ±g&3 7Jl4 2Rtf/£fcttTS8:3 

7S i s zMfctzmmm* mmvtmmA ooo 

%4>t£<t% lMtt* fijftAtf, CoxFeyNijT?^ 

bfr&iSjE&Jtx, y, z*». 0.1^ 
x^15. 38Sy^6 0, 40^z^62. x + y + 
z = l 0 0&S«ff*»fc-r*lt«Ett»»T»J«*n5C 

[0 0 8 8] £®tMBtttmt*. Nl-Fe-Nb^ 
&£^«Co-Fe&&KJt^. Jft>&ftB&flHfcBs 

*»fr*±*3 7»4 2R^/*fcttTSP3 7S 1 5 



iStfc^fita 4 o t b x&m s nr t> <t ^. 

[0 0 8 9] fc£L*56W"T?tt, ttnEM8tttm& K 

^tsnffitcftftB s *^Rt"r*±«3 7)i4 2&#/ 

[0 0 9 0] (4) ±»37l4 2«»/*fcttT«3 i 
7M 1 5 ^^J*rS©C«tt8, &^iififc|gtriS4 0 tf)? 
54>&<&<bl]|ii. tt££ftt. CoxFeyNUX 
w (fc£U tc^XH. Mo. Cr. Pd. B, In* 

&»ttnfc<j>& < t "b i 2 «&u6>7c») -e* 

Stl, L^fcfflffcJtx. y. z. w#, 0. 
1^x^15. 3 8^y^'6 0. 4 0^z^62. 0. 
l^w^3, x+y+z+w=10 0a5|iSlfct 

[009 1] £-«>MBf&H¥tl2. C o - N i £&tCl£^ 
Tftt>|t]&6ip£«'U *fc'Co-Nl-Fe^tB 

tf©fi»aaci!fflEBsSfruT*o, aoxwEttiatt 

SB s &&££-ra±ffi=i7il4 2Rtf/ifcllT83 

7Si 5s»fijrrswBttHfcUTffifflsnT'b«fc^ 
&s£-r*Rjt«siii4 o t utffljntfci^. 

[0 0 9 2].^*Sim AtGfflB&tffitt. K 

^mnWtUSSBlB s &£>S^-rSJ:ffi3 7.JB4 2RCK/ 

.fcDffib^. 

[0 09 3] (5) ±SB=17JI4 2fi:^/*fcttT^=i 
7S 1 5&«l£rs«aKttJf . RtfifSlfcfiinJf 4 0<D5 
^^<tfelHtt, firiK**. NixFeyT^Sn, 
bfrfcttriatx, yitlf%t, 10^x^70, 3 0 
^y^90, x + y = 10 0&*ISf6Silfc-r«:*tt*f 

[0094] ±teffifiKI5Hrt-e*S<*:, Ni 8 oFe 2 o^ 
& (B s=&0. 9 5 T, p=»20/ifl-cm) <k0 
Al)fifdtt«fBKB s (=»1. 3T) Sytftfititp 

(=»S0»Q.- cm) £Wb-Ofc9, «E^Til2t)8 

&g?B s ft^Btf*Ji*3 7JII4 2Rtf/*fcttT» 

«6jRtrs*Jtttft«4 o t LT«efflsnTt>«fcv». 

[0 0 9 5] fc«U*38WCtt, ttCttSttimtt. A 

^jtfifitp tr*KitiStti 4 o t bTffiffl sn 

[0096] (6) ±«37JB4 2R^/*fcttT*3 
7® 1 5 ^fig-fSi^attS, R^il5ltJgfit®4 0<Do 
^'>7S<t ! bl®ti, SUfiAAt, Fe a MbOc (^:fc*b 
7C^M«, Hf, Zr, T I , V. Nb, Ta,Cr, 



( 10 ) 
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La>t>3flJ5&tta, b, c#. 5 0^ a 

^70. 5^b^30. 10^c.^3 0, a + b + c = 

i o of£zm&zffirz-tfc&&ttnTMf£t£tiz>z£tf 
[0097] z.o)&m&ttmt. ^amn.m^m^mtb 

0 0~2X10VQ- cmiMt^fcJ&f:. M 

[0 0 9 8] (7) ±$n7Jl4 2;&tf/£fc«Tg&3 
7B1 5£J£fi!rr3$«Btt, jf&J&ib)*. Co.Zr, 
Nb z T^£tl. U^fefflJ^itx, y, z#. Wft% 
T. 1. 5Sy^l3, 6. 5^x^15. 1^ (y/ 
z) =22. 5. x + y+z = l OOi^SM^Srilfc-r®: 

[0 09 9] il©&B&te*m«. &%imM®&B s ^ 
[0 10 0] (8) ±IS3TS4 2Rtf/^feB:T^=i 

rm 1 5 ^^-rs^aattstt, a^3£*i. co,Hf, 

Nb,TSSn. Lfrfcffijsfcifcx, y, zrt*. Wfr% 
T. 1- 5^y^l3, 6. 5^z^l5, l^(y/ 
z) ^2. 5. x + yfz=10 0^SMtfctt 

[o i o i j £©&«&#»«:, easHsm^B s 

[0 10 2] (9) ±^3714 2Rtf/£;fcl±Tg&=l 
7B 1 5 £JE^T SDMBfi. OTK^-r#C^ttW 

[0 10 3] ^0Fei, Hf, Zr, Tl, V, 
Nb, Ta, Cr. Mo, Wjfc6»i*Ufc 1 S£fcte2 
SEUWTCsftMt. .CtWWU iUgJ&tLTtt, F 
e££j£Sr<hT-5£.ilffi£. 7C^M(D^tiCD^fflt 
£WU £&£LTfi¥i9*§il&g^4 0 nm&T©^ 

&g£d , F e S±ia»frsjgJi*B©¥^ISfiaS€ 
DfcUT«£C; ^©it*P (d/D) 0. 0 5^d 
/D^0. 4T&9, iUKAttFeiMyCsT^^n. 
jfl^Jtx, y, 5 0^x^9 6, 2^y 

^30. 0. 5^z^25, x + y + z=100&5S 

[0 1 04] 7c*MtC©«ft*©*r(UH«fc-3T, Fe 

■*ttaWi»T^S<, ^IfcCo-Hf-Nb&^J; 



0, Co-Hf-Nb^tcJt^T, HJIftttkiflEttTt* 

[0 10 5] (10) ±$37)14 2fttf/*jfcttT« 
3 TBI 5 *«C«ttltt. KTfc«Ttt«tt*r 

[0 10 6] £j&d-©Fe&tf/gfcttCo©7G*T 
£, S i RXf/^tcitA 1 ©5c^X£, T i , Z r » H 
f. V, Ta, Mo, Wfr£gtfnft:ia££:ti:2.aH 
±©7cStM<h. CR^/SfcttN(D7n^Z£, Cr, R 
e. Rh, Ni, Pd, Pt. AuA^ItftlfclSJ ' 

e»0i/ifcttCo6±rt»tt5JSIfifc. 5cI?iM© 
BHfc*fttf/3:fc»«fc*©ltlMB£*#U t»tl/ 

ft. $e>£. 7c«M©gni^;&tf/'£fcr^flfti©¥i3 

ISAttS&d. Fe&tf/£ifcttCo£±^#-<h-r3*S 
fi«©¥^JSfteSSDtLT»^K. ^©Jt>P (d/ 
D) fl*. 0. 0 5^d/DgO. 4T&D. fflffcSttT 
aXbMcZdQeT^^n, ffififclta, b. c, d, eifi 
SC^XT. 0^b^'2 5. l^c^lO. 5£d£l 
5. O^e^lO. a+b+c+d+e=l 0 OftSH 

[0 10 7] 5cJKX!&SWbT^5fc«&K:» H^UfcF 
e-M-C^J;Ot)JtSfiiP (&1 2 0*iQ • cm) 

&ffc£tCgftT^5. 
[0 10 8] (11) ±a5=r7S4 2ROt/^fettTgU 

[0 10 9] ^^©FeRtf/^fcteCoW^ciflT 
t. Sit, Alt. Zr, Hf, Nb, TaA^Stt 

ft£ i &£fcfi2 9»±<z>7&ftM&, car^/s fc«N 

©7C^Z£. Cr, Ti, Mo. W, V, Re, Ru. 
Rh. Ni. Pd. Pt. Au^Sgffftifcl-ffiSifctt 
2«£U:©5c*Q£S^rU Slfiffifct LTtt, 5c^T 
**«»t-ra(M>SU&«Bt© I P^ISfteSA»4 0 nm 

fly. fflj«ai4T.S i b A lcMdZeQfC^^n. &j£ 
tta. b, c, d. e. ftfR^KT, 8Sb^l5, 
O^c^lO. l^d^lO, l^e^lO. 0^f^ 
15. a + b + c+d + e + f = 1 0 0 fcZm&Zffifc 

-r. 

[oiio] sitAi <Dmn*tt?z>tz*b\z. im 

bfcT-x-M-x-Q^feJ:0t>«2©«»«[*/ha 

[0 111] (1 2) ±gU3714 2Rtf/*fcttTgB 
3 7H 1 5*^fiE-r-5D:^ttStt, jHrtiW*. N i i- X 



( II ) 
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*k lsft"bFe0ffij£itXtt. 6oai%^e.9o«i 

(Ra) «2 5AaTT»^^i:74W*btJ. 
[0 112] uffltlttWIt &*qfi££&gBs#itS 
<. *fcTl. 9T (^X^) Lfrfc&lg 
*Hcttfi<, 1. 50e (x;i>7.^yF) KTl?* 
S. 

(0 113] (1 3) iSifcSfitH4 0«, UtfiTtmtL 
TM<tt)Ni, FeRtfNS^TU L^t>¥^ 
H&&tt8 OA«TTfco/$SKFe«)*flJ&lt#3 0 

(Ra) til 2 0A«T-C*5Cfca»jiF*Hr>. 
[0 114] ^©WBttimtt. #&JStcI?I©N G£ 

tt, N i -Fe&&fcit^Wfc£txp£;frU ££tc 
MEN i - F e £&£ft&ft4)&flH7H c fttfffiftftg 

fSBs $rwr-5. 

[0115] (14) igJtSfiiH4 0 tt. ntfsaWN i 
xFeyNbzT^Stl. Lfrfc&J&itx, y, zififgFF 
%T. 7 6^x^84, 8^y^l5. 5^z^l2. 
x + y + z = 100 ft£Hff£Jtfcrtt»f^tt-?J*j£ 

[0 116] (15) SSJtjgJnB 4 0(J, FeN i 
&i£ttF e N i P N^4T»«Sn5 d tWi L 

[0 1 1 7] ±E (1 4) (1 5) (Dm&tfittmX. N 

i-Fe o hm^it&ta p £*rr-5„ 

[0 118] t^5Tf*KWT?tt. ±B5n7S4 2&o: 
& (1 2) T^TN i-Fe^T^t^l:. 

[0 119] iffi82/WX«^£^T«^-y*LfcN 

■ ' mm%) lt*k ^tm#oT. eafpa^s 

SB s ZfttZitZZttfTZ. ifffiS»lS^SB s 
1 . 9 Tmmz $T*±#$-fr-5 £ i^W^T* 

•5. 

[0 12 0] 3ifc#3Mrai, H&f2/'Ul^g££ffl^£: 

tfWSSHr&gfc 1 0 5 ABUFKU Lfr fcF eOifisfc 
lt£. 6 0&S%A*5 9 OR^T^-r-SdiJi^S 

u>. $e,ic BiiiaiiciiattiicDisscD^L^^a^ 

(Ra) £2 5AlUTT»f-5;:<!:;M?£U>. 

[0121] /wxm^fc^fcm^^+aKjcn 



N 1 -Fe^T$nil &ftm%®mB s £|6j±$1* 
£3. *^Wtttirsa#^Hc^ 1. SOe&TftB 
[0 12 2] £fz. i?5tfcJgSiJ14 0£. ±ffiU£ (1 

Kettle J; ^tifJcts «i timmvh*. 

[012 3] T&fr5*f§9IT«. Fe-ft>. Ni-f 
ZZ\£\z£r). &.&Z,7bmiZ&J2.<£hFe. N i BcZfN 
[0 12 4] Z<DJ:ol<ZU!&K%tZ, ^Mtc^T^S 

n mm) *^*"r«ut«tt*r»tt. ttsin 

[0 12 5] Utt&WT'iZ. ^tH&E^^+SWpH 
(Ra) £/h£<LTi5D, £ 

ntcto, mmz®mjjHc$:&<ffljLz>z.£tfT-% 

•5, RftWKfcl:, BufB^-y+^OpH^l. 8£TFIC 

[0 12 6] *fc2M8WTtt. /y+s+tcgsftrr-siW 

!B7 5 LT. X5 1 U>> ? 75> (ED 
A) . >?X^W->MJ75> (DETA) , MJX^U- 
>5^h75> (TETA) . T^X> (Ala) . £-5 
Mt!f)H?5.>M (G 1 u) A»6 l«£;ttt2SJ[JU:£ 

[0127] ft.jsmnz^'tmmwvu* ±.^7Ma 
2 ^^-r-sscmtts 2 2 R^Tgpn 1 5 dt^-rn 

^T*^oTfe<ti>„ testis 

v -7\ZtB.-3< foftT. S-SW^lB^g^B s £|6]± 
[0 12 8] @2«, *^WlCi5lj-5te©}l?IUam'V'V 
[0 12 9] CKDHJS^IiTUHl t±gf37S4 2 0 

[0 13 0] 02lC^1-<fc5(C±a5:3 7«4 2£J£|£-f 
5#:ett®2 2CDTE{Ctt. j^ttefiiS 4 0»&$ft 

HataiisifcjgST[^4 owitefitpfiBaE^tti 

2 2©Jtffitap«fc9 : foi^<&-pT^3. 
[0 13 1] ^<Oct5(C^tt®2 2©TiS(C!llH:Sta 

S4o^^t^^i-e. u®.mmntf±.w?2>z\ti\z& 
xffiiZi&nffim&zmimzi&mzvz z. ttfr-zzz-t 

*. ^*MI2i§!tfcJSfiil 4 0 <Z)KJV«IZH t TttH 1 T 



(12 ) 
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coi32] ztzzommmn*. m$mm&m2 2© 
tt8HB*&ftB s^iHjticfiiS4 o<D&%imM®mB s 

[0 13 3] ^4302lc^T^iSCs|T«, =ft'V^il 

istfT^^4iT^5*t, mm** vzfm 1 8 ts-rs 

[0 13 4] *fc±a53 7H4 2Rr;/*fcHTS5=i7 

m 1 5 * ^T^^attSR^jtssiS 4 0 ©*m 
t±. ±iaufc (i) ~ (15) <D<t>frt>mvitsnzz.t 

[0 13 5] 1311 Tg53ZHl 5t*)ii5JtfiSiB4 

[0 1 3 6] B3t*-r«fc"5lC. T&UmiSZBfc 
■?Z>&.W&m4 3©TBtC(ii§ltSJiS4 owm&zn 

[0 13 7] ^©J:5tC«caftS4 3<DTigtCigit«Ji 
B40 Sr^ttS £ 1 T, EfiiJl&fbfr*-t#-r5 dchtCJ; 

OWttft. RytNLTS1ftt^(S|±^-tt:5Jlt*«T 

£o &£AMBAltJgftll4 0 ©KJP*£HLTttH 1 T 

[0 13 8] $fc£©£ttftr?tt. Mm®m&m4 3(D 
fiSHBMBft B s tfjtSJtJgfcxB 4 0 OfiftBJKftftB s 

[0 1 3 9 3 Sfctt«ttli4 3©±iBlC»ltSERJi4 0 
SRItTfc.fcH. fc«b±fB37H4 2«!:=l J *y^JIl 

S4 0 5t(mi^t^ ^^y^jfiWctOBfiWIf- 

[0140] $fcttflBH£M4 30T9lCj&j££nfcftJ£ 
Stall 4 0 tt, iCMR'Sy h* h 1 <D^-)V MO&t b 

iftiBit&ttJgfciJl 4- 0 ©tfcgJn p £fi±£-t*.5 

b<fct>. 

[0141] ttE'>-JH*«tett, -BftJ&ftft£*?l 
[0142] ft&fflm 4 0 ©&£&M8£tttt £ bT 



[0 14 3] B4tt*&9i£&»tSft!l©KMttftAy h* 

tmmbs^v F*5-5«#stt»L*fiJ2fiiw*&a 

[0144] 0 4 0 5 l£*TWRB«^ y K fct« 

■f >y^7"W TW-y Ktt. 09^tf^®et^»*^filffl b 
TcSt^-ffib'Ny H (MRA-y Hh 1 ; H1#J£) ©±tc 

[0 14 5] H4£H5(3*-rff{f3 0tt. «CS1£«#f 

[0 14 6] 4^S9]TBH4KtfH5(c^-rJ:-9(c:. ffi 
GttSttlf 3 0±Kl6akOTre»J8;5ftfctt»13 1*« 

rngtsnxtoz,. NGKfttffid. aio, ai 2 o 3 , 

SiOj, T azOs* TiO, A1N, A 1 S i N, T 
IN. SiN, Si 3N4, N i (X WO, WO3, B 

n, crN©p^^<tt>ia36^&o> wiummm 

[0147] *%9Trtt. MS&gtJi3 1 irfct. 
#£©2*16]® (ABS® *SA-f h#|Sj (0*Y?j 
ft) KjfcttT\ Bf€C!)fea-+|fe7f»Jj£*nfcj||»3 1 a 

[0148] menvai a«> «A«K«tt<*>x 

y^ytf (R I Ej!£) fccfcDJ&j££tt5fc©T&rK M 
Etfiftll3 1 lC»«anfcj(M53 1 att. 4>&< t fe h 

3. &&lHeh79?4aTwtt. 1. 0tfrafilTT« 
Sn*i:i:;fl»flF*l,<. £9&5:U<tt. 0. 7tfmJy. 

[0 149] H4RtfH5fC3?TJ:5fc:. M8B^^9 3 
1 fc»jfc£ft&ill*3 1 aOrtafctt, «TStbT, 

$m\tm3 0 a:«snicSNrrsTse«eK3 

[0 15 0] £fcH4RtfH5KS-rJ:3fc:. 3 1 

H3 3«qUiSnT^S. ClW^r^yT'BS 3 tt, N i 
P. NiPd. NiPt, NiRh, NiW. NiM 
o. Au, Pt, Rhu Pd, Ru> CrWo^lft* 

[0 15 1] S6k:H4RtfH5K:*'rJ:3K. AtCiff 
g&3 1 a^TfeoT, ^t7^I3 3ffl±l;(t JiSPfiS 
*«3 4jWt»anTV>*. 

[0 15 2] SfcH4fca?rJ:3k:, t(IIB±gl5JKffig|53 
4 ©PHIt:. Me±flHSSff3 4©«ii3 4a^&. M 
I2*6^S3 l©SiS3 1 bCrtHtT. IBIH3ft«»*lCJ2:*« 
•pT«^-rSia^jg3 1 c*«, MI8I8M-3 1 
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[0 15 3] 04&^05^-rcfc 
[0 15 4] *it0 5t^-r<t-5{C, *&gUI3 l©}?tg& 

3 1 artic»i«*nfc*-v y» 3 3 ±c, tsaumt. 

(Gd) *»SWt&ft. C©p B 1RS©^<D^ryyi3 3 
±rt»S/W h»cft«-t5*&&Ji3 i±c?NtTGdfc 

&IMJI3 7tfJgj££ilTV>£. fcfefflrEGd&lMfift 

[0 15 5] *fc05»C*-r«tofr. MIM3 
£n&R83 1 a«fc9fc/vf HflJ{cS^-5wrlB»aH3 

Tlr»3. H5^-rHJg0||T«, MEn-OHf 3 8***6 
M3 10±fc|[»JNE$nTl)5*t, h9@B3<jP«3 
8 £161*113 1 £©Hfc. MftLfcGdft«lfiSkJ13 7 

[0 15 6] S&lcMEn'f ;M|3 8©±£tt. mlten 

*#>J-f 3 K&£©tf«WBtm-e#l*3ftTt>*. 

[0 157] *fcH5lc*-r±5t:. ±i$L£8cfi8ttH 

$>Cfi&ttJI3 6©Syjgg&3 6 ate. &2©TS&3 
7JI 3 0 Jt£^ftk:^snTJgj££ttTfri5. 

[0 15 8] sfcH5fc:*-r«t'5t:c;o^iiwrr±. wi 
Btt«ttJB3 6 0TiBt:tt. «JttSffiH4 0j&«#jfcsn 
IMBiffJti&£W4 0©Jt|&&ip<*. UcfiSttH3 
6©Jtffittp«fc»)t>SE<fcoT^5. j£fcB&EitSJt£ft 
H4 0J1, W8ttli3 6OTS37'JI£&rirrstMBtt 
S3 0±lc¥^s/? > B3 3 *4N,T*tfcrr*ffi« «B8 
^iH«) fcttJRfcStlTfcSI", WG&tfcJgfiiJf 4 0 

Mm&tt&tfim 4 o ©£&#. zf&m-voEmm 

10 1 5 9] »atLfcJ:-5IC. »«:«ttJ13 0. 3 61; 
«. =Fw^iS»t*lr»T. &SS&3 2. 3 4At^« 
(CftttbT»j£$tlTlr^At. MeBSS3 2. 3 4 
fi. &&fiBttlI 3 0,3 6 ©ffi$H8£ffift B s «fc »J fe*5 

^fiffBJKesB s *wuT»i«3nfc v &»fetf»B s 

[0 16 0] £©£5£ABsj|&^v?7i&£(::Ktt 
MEftBsfl©Vft"?. ^ty^arPB* 

[0 16 1] *itH5K«-r*IS«Ttt, ftflkj|3 It 



»<£3nfc$g&3 1 art£ttGttS83 2, 3 4tfjg$ 
Sti, ttE*83 1 a©l«7y?|g£ffl (H^X^fa) 

[0 16 2] &&ffiEJba98&S3 4&tfT««Sa&3 
2 (HBsi) tt, ±ELfc (1) ~ (12) ©frvfn 
fi>©IMBttff file J: 0»jJStl5C iAWilK 

[0 16 3] ^04RtK05IC^-rHigfi3lT{i. T85 
3 2 &Kj:fin&ff8 3 4 flt, 3 1 

n&R83 1 aft£©&Jpj£3n'rfr>«#t. S&fc. m 
ETWBfi«3 2&tf±${8®gl53 4*». ffiEiftfli3 1 

ftTHTfe«fctr»U £fc±&ftff&3 4#t. S6igyi3 9 
[0 16 4] ££TS:i7Jl3 Ott, jgg&3 1 artlcfct 

7R 3 O^UbT&j&SnTfrvr 

[0 16 5] K±ff»Ufc#*W;:*ttsj(MBBS'\3/ 
HT«> ±«37«£T*37JI©3-&. <!>&<<!: fc- 

fcttTBifciMMHBttJIJ: 0 fefcutfcffittp &=frr** 
[0 16 6] E»H«Rrt«±#T*£fcCJ:DK£"r* 

•5. 

[0 16 7] £fc#5g9iT-te. ttGttSttJiaKft&Si 

[0 16 8] *fc01T?{i, ±SC3 7S4 2©^ISttS 
2 2CD±, B2T(l±tf3 71l4 2«)«CKttlV2 20!> 
T. S3 T«±g|53 7« 4 2 (D^fiSttS 2 2 © JitTSP 
3711 5©|>ClSttS4 3©T, @5-ett±g|5a7B© 

tfc&ttJi 3 6 ©Ttc-en-fn^ttgfeiS 4 0 aqswt&n 

T^5)9«, H9faiiStfcgftiS4 0tt. «^.tfJ:«37Jiffl 

K«ttJB©±T»rfF«3 7H©«iattiB©±T©B3a 

[0 16 9] 

©. OW 5-f h) PW5 0#&> StjS 

N L T S t&mz-D ^Xm% t fc. 
[0 17 0] ftMteLTaMWBfc'W HOSBfitt. 
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•5. M3Z®.m&m> RUmittS,tnm\t, £TNi-Fe 

s&xm&znx^zw. &&®&m<DFemt. mtt 

B s StlT^*. 

[0 17 1] f3.&¥*y7miZ*ifiH-r2>m\ZBfct<tltc 

§fcm&m<Dmftmi®&B s i. 6Tmmx$> 

0, ititt:Jg!a»©&fnfiS3tMBsttl. 0TSST& 
CO 1 7 2] tt««tUT«D»H«»^'5; K©8§ 

t»Tfe. £T©$fc&ttJItt\ Ni-Fe^TM^n 

^tlfcNi-Fe^fflFelll, fe^-^ONi-F 
e£&©Fe*fcffc^T*€K&oT:t3'K ZLftKcfc 
D, ZfM\Zftm-Z>M\Zl&tfLZntzH i-Fe^ 

[0 17 3] &^^>^H»c3lW-5«tr^$nfc 
N i — F e ^«Dfi8N8!(E£KB sfl 1 . 6 TeflTC 
SO. ffi*©N i -Fe^gOfiffittiksCftBsttl. 

®SUK3fc5gKB s tt. 1 . 4TA*£. 1 . 6 TSSnffco 

[0174] i6ii sstm^tow c-r-n-^r 

[0175] a;*ow»tt©iiiTit mm&xmmm 
mzm&^m\ mz&Mfoxmtewzzftzs.?. -e 

^©tB^MfCtt^T. £n<&V>T«*'3&0>£dBT8l 
[0 17 6] H6fc*-r±3lC. $ttfl0*&<bJt«fc0! 

[0 17 7] b^UH6fc5?rj:5(c, ftttflaffKtt 

6dBSlfcfcS<&oT*3D. #OM0MMBft'Sy K 
JtttfflOffKtt&'Sy H tit ^<TOWl#tt£|6] 

[0 17 8] 07tt. iS®mgiti:PW5 0<tttt<7)g|^ 
*'*-r^57T**. PW5 0^ttttt. 8H4B£i!fcJ£ 

[ 0 1 7 9 ] H 7 \ZffCt& 5 fc. jdiflOlNHSA^ y 



[0 18 0] 08tt, ffigSSSiNLTS^tttOH^ 
S*fy97T»«. NLTSWtttt. IBM (ft) *« 
W5BLfc5*WPI*ft*ffl^Tlll3feUfc. MfBNLTS 

[0181] 08tc*-r<fc5{c. mffiMommm^y 

HfflWV Jfct*W©JWt««'\y KKtt^TNLTStt 
[0 18 2] £Lh©J:3fc, B6&HWB8S«HUT 

. «37Ji*»»«rrsft«ttJi©±BfRrrF«3 7iis» 

l^S*«ttJi©Tilfc:KH:»ttM*»i«l/fc»l)t«ft 
F©3W«, Jt««©MR««^y h\ -r«ct)*. T 
«3715*ITMI. ±»n7II«fc2JIICU m 

urmmm^y ^iztt^ ow&& pwso^tts 

NLT S1SttSGl±3li:* ££#-e#S 
[0 183] 

Jf&ETF&:37»©^&<£&-*©37BKtt. 
fflifc. i&E8i:&ttJl©Jtffi&tf/3:;£ttT®tc, «m 

[oi8 4j ^ntiio. mmm$i&&±ft-r&z:iziz 
£0f£^&Mmmz£&m$: : $:{&mzi£z>z:£&X' 

[0185] sfc, a;reK«ttJB(oentt3Kfi%B's 

£. fftt&!fflI©fi8H8j|£&&B s «t D fci^<T-S.^t 
fc&S. C©fca&*»flKJ:nK. ^ft©iftEftttftfc 

Kjrar* £ t*«?riiajiiiat«^ ? k * wsr * - 1 

[0 18 6] Sfc*f§9JT'te, MEiKJtffinil^ Fe 

-f*>. n i 7s.;m 

mtt&*t&BLX* &f&7cm\z4>ti.< thF e , NiS 

t» we»H:iittJiojt«ttp*!ai±***^t3ft*?rtt 

[0 18 7] Saia±S1537«i&^Vi 
«TSB37«0#:fiStta^, Ni-Fe^tMtS 

tJcto. 8tfi2i»:«att@<D^fpfi8msSB s *rsj±s-fr 
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[02] *%w<Dm<D%mMm<Dmm&*?mm&m^ 
[03] ^m<Dm<D^mmm<Dm^mtmmmm^ 
[04] ^m^tmom^mmomm^rmmm^ 
[05] m4£*k?s-5mfr£>®mLtzmm®.f*.'\v 
[0 6 ] mmmommm^ y h* t itrnkommmm^ 

[07] mmmcommm^y f tttsmonmmm^ 

[0 8 ] *JS0i<z>i$i8HgfaA y k tit^M©^^^.^ 

^7 7. 



[09] fimoBm&^y wmmzK-r&ftmm 
0. 

[&#©I&9i] 

1 1 TMis-)V FJI 

12 T3**y7m 

13 E^iSta^H^ 

14 ±g&*^yy« 

15 TS&nTJI 
18.33 ^^^1 

i9. 21. 31 mmm 

2 0.3 8 n-Dim 

2 2. 3 0. 3 6 

3 2 tshbsss (i^Bsi) 

3 4 ±g&8HIgB (iSBsS) 

4 0 iSJtfctetnLS 
4 1 «flO| 

4 2 ±S&3 7Jf 



[01] 



#|5ISB 




!>hl 



[05] 



[06] 




ma 




30 30 4) 



99 
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42 




CB3] 

03 




s««r <mA> emnm onA) 
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09 




